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The Seventy-Fourth Meeting of the 


American Astronomical Society 
By DEAN B. McLAUGHLIN 


During the Christmas vacation in 1938, the American Astronomical 
Society held a meeting at Columbia University, New York City. My 
chief recollection of that occasion is a high fever, followed by a week 
in bed at the King’s Crown Hotel, while recovering from a bad case 
of influenza. 

The Society was again invited by Professor Schilt to hold a meeting 
at Columbia University early in 1945. The preliminary announcement 
had gone out and the program was in the midst of preparation when 
Jimmy Byrnes said NO, and that was that. With the end of the war, 
Professor Schilt renewed his invitation, and the Society held its seven- 
ty-fourth meeting at Columbia on Friday and Saturday, February 1-2, 
1946. 

We had expected that astronomers would still be so completely in 
the throes of “reconversion” that they would have little time to prepare 
papers. Therefore, the total number of sessions originally scheduled was 
four, and of these one was allotted to the symposium of double stars, 
carried over from the cancelled meeting, and one to the Teachers’ Con- 
ference. The faces of the Executive Committee (President and Secre- 
tary) were slightly red when we saw the total of 42 papers on the 
general program. As an emergency measure, a short session for papers 
was placed on the program following the Teachers’ Conference, but this 
proved to be only a partial remedy. 

Dr. Shapley and I arrived in New York on Thursday, from opposite 
directions, and registered at the Governor Clinton, but we saw nothing 
of one another until Friday morning, when we had breakfast together 
with Dr. Neubauer, who had come as the representative of the Lick 
Observatory. We then braved the subway, got lost two or three times 
in the station, but at last found the uptown express platform. We ar- 
rived at Pupin Hall, Columbia University, in plenty of time for the 
Council meeting, which was held in Dr. Schilt’s office, and which actual- 
ly started and ended on time. 

The first general meeting of the Society was a session for papers 
which began at 10:30, in the large lecture room of Pupin Hall. It was 
plain from the attendance that this was very nearly, if not actually, a 
record meeting. A good start was made on the general program of 
papers. At 12:15 the party repaired to the steps of the Low Library, 
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where the photograph was taken. A good many then walked a few 
blocks to the Men’s Faculty Club for luncheon, while others sought out 
other neighboring eating places. 


. 

A session of the Executive Committee of the American Section of 
the International Astronomical Union was held at and following the 
luncheon, and questions pertinent to the forthcoming Copenhagen con- 
ference of the Executive Committee of the Union were discussed. 


The Teachers’ Conference met from 2 to 4, under the chairmanship 
of Professor Marjorie Williams. The major portion of the program 
was a symposium on the teaching of practical astronomy, in which Alice 
Farnsworth, J. J. Nassau, G. Van Biesbroeck, and Fred L. Whipple, 
took part. Following this, the general session for papers took over and 
lasted until after 5:30. 

It had been rumored that something was going to happen just before 
the dinner, and it was announced that “a ceremony” would take place 
at 6:15. Just what the nature of the ceremony was to be was not made 
public; and what happened before the dinner was not all according to 
schedule. 

The scheduled event was the presentation of a decoration to Dr. 
Henry Norris Russell by the Mexican Ambassador, His Excellency 
Sr. Antonio Espinosa de los Monteros, acting for President Avila 
Camacho. The Society gathered in a parlor of the Men’s Faculty Club 
at about 6:15. The Ambassador delivered a short speech and a eulogy 
of Dr. Russell, and presented the medal of the Order of the Aztec 
Eagle, which he fastened with a ribbon about Dr. Russell’s neck. The 
recipient then spoke briefly, asking the Ambassador to convey his 
thanks to President Camacho, and recalling his pleasant visit to Mexico 
on the occasion of the dedication of the observatory at Tonanzintla. 

The unscheduled event followed immediately. The applause had 
hardly died down when the bus boys brought in trays of cocktails. A 
few glasses had been in evidence before the ceremony, but now the 
supply was plentiful. The crowd surged forward and Shapley claims 
that only quick action on his part saved Dr. Russell and the Ambassador 
from being trampled. (It makes a good story anyway!) There were 
evidently a number of thirsty people, for the trays were soon empty. | 
had to make three grabs before I captured a Martini. Some may have 
thought the drinks went with the dinner; others perhaps thought they 
were “on the house” or on the Mexican Embassy; others didn’t think. 
But the astronomers ably upheld the tradition of the profession as 
established by Maskeleyne on his celebrated Transit of Venus Expedi- 
tion to St. Helena. The explanation came after the dinner, and of 
that we shall see more later. 

The dinner followed immediately. It is still possible, believe it or not, 
to get a good dinner for $1.50. After the dinner, Dr. Shapley made 
several announcements. The first concerned a gift of $1000 from Presi- 
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dent Camacho of Mexico, as a contribution to the Henry Norris Russell 
Lectureship Fund, which is getting within sight of its minimum goal. 
He then spoke briefly of the plans for the meeting of the Executive 
Committee of the International Astronomical Union at Copenhagen in 
March. 

Another announcement concerned the mystery of where the cocktails 
came from (there was no mystery about where they went!). They were 
brought in by mistake, having been intended for a meeting of engineers 
in the parlor next door! A “kitty’’ was established to which all who 
had partaken, and who had consciences, contributed to defray the cost. 

Several of those present were called on to speak. Among these was 
Dr. Carlos Graef, Director of the National Astrophysical Observatory 
at Tonanzintla, and Professor H. L. Alden, recently returned from 
South Africa to assume the directorship of the McCormick Observa- 
tory. Mrs. W. W. Campbell was present, and was introduced. 

A more gloomy note was sounded when Struve presented a summary 
prepared by Kuiper on the present condition of observatories and 
astronomical personnel in Europe, and Bok reported on a communica- 
tion from Kreiken on the fate of astronomers in Java, of whom five out 
of seven had died during the Japanese occupation. Shapley then an- 
nounced the appointment of a committee of the Society to study the 
problem of aid to foreign astronomers and astronomy. 

As soon as this program was over, the Council held a meeting to 
clear up remaining business. A little time was left for general conver- 
sation and informal conferences on specific astronomical problems, but 
it had been a full day and we were glad to return to the hotel and bed. 
" The Saturday morning session was devoted entirely to “the sym- 
posium on double stars. Dr. van de Kamp, who had organized the pro- 
gram, presided at this session, which included papers by Russell, J. E. 
Merrill, Cecilia and S. Gaposchkin, Brouwer, Joy, Aitken, Van Bies- 
broeck, Luyten, Alden, and Burns. It covered practically the whole 
field and included all types of double stars. 

The afternoon session ran late and although a large number of papers 
were presented, it was impossible to finish the program, and several 
papers had to be declared “read by title.” At the close, Mrs. Mayall pre- 
sented a resolution of thanks to our hosts. Announcement was made 
that the next meeting would be in September, probably in the midwest, 
and a rather broad hint was dropped as to where it was thought the 
meeting ought to be held. 


The attendance at the New York meeting may have set a record, 
though it was probably exceeded by the Yerkes meeting in 1941. There 
are 163 faces, or portions thereof, in the photograph, and 171 people 
signed the register. The number at the dinner was 200. The number 
of members of the Society whose attendance was recorded was 147. 

It is hoped that the atmosphere will be less hectic at the next meeting. 
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To that end we shall try to make a better guess as to the number of 
papers and plan the sessions accordingly. Some years ago we used to 
devote three days to a meeting, even though there were not nearly so 
many papers. This leaves more time for informal conferences and 
“just talking,” which unfortunately get crowded out of a shorter meet- 
ing. These are really more valuable to most members than papers pre- 
sented and listened to. We ought to go back to three-day meetings. 
THE OBSERVATORY, UNIVERSITY OF MICHIGAN, MArcH 9, 1946. 





The Determination of the Elements 
of Binary Stars* 


By HENRY NORRIS RUSSELL 


The calculation of the orbit of a binary star differs from that of a 
planet, or even a comet, in one main feature,—the accuracy of the 
observations is about a thousandth part as great. Whether we have to 
deal with a visual, a spectroscopic, or an eclipsing binary, the probable 
error of a single measure is usually of the order of one per cent of the 
whole range of the observed quantity. One part in three hundred would 
be extraordinarily good. 

With the high accuracy of planetary work, methods which determine 
the orbit from the minimum number of observations theoretically re- 
quired give useful results, even though the interval covered by the 
measures is but a small fraction of the period; but, for binary stars, 
the thousand-fold increase in the uncertainty makes such methods value- 
less. The computer must have at his disposal a much greater number 
of observations, covering a considerable part, if not the whole, of the 
period, and employ methods which enable him to represent the general 
run of these observations, rather than any particular ones, or even 
normals representing the average of good observations during three or 
four selected time-intervals (thougn such methods are of value in 
special cases). 

Graphical representation—plotting the measured quantities against 
the time—is of great aid, and, with reasonable care, does full justice to 
their accuracy. It is easy to indicate the relative weights of the observa- 
tions (e.g., by circles of different sizes) ; and such a plot (or pair of 
plots, if there are two measured coordinates) provides a clear and prac- 
tically complete statement of the data. 

A curve (light-curve, velocity-curve, etc.) computed from any set 
of elements gives an equally effective picture of the results of theory; 
and the agreement of the curve with the observed points indicates 
whether the assumed elements are satisfactory. In making this com- 
parison, it must be remembered that the times of observation are known 


*The tenth paper in the series of Astronomical Summaries. 
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with practically perfect accuracy, so that the vertical deviations from 
the curve are what count (if, as usual, the time is the horizontal co- 
ordinate). 

The computer, at the start, has no elements to calculate a curve from, 
and must work backward, deriving preliminary elements from the ob- 
servations, or from a free-hand curve drawn to represent them. Such 
a curve is, of course, not a fundamental datum, and contains more or 
less of an arbitrary element depending on the computer’s judgment. 
Readings from it are not valid substitutes for the observations them- 
selves in a definitive adjustment ; but they save a great deal of time and 
effort in a preliminary solution. They may be made at definite points, 
such as maxima or minima, and at regular intervals of time or some 
other coordinate ; or, indeed, quantities such as areas may be included, 
provided they can be determined from the curve. 

The calculation of the elements from such data is much easier than 
from irregularly spaced ones. Further saving is effected by using, 
instead of the conventional elements, other parameters more closely 
related to the curve (such as the semi-amplitude K for a spectroscopic 
binary). These parameters may be chosen so that the calculation of the 
theoretical curve corresponding to them is simple. 

If this curve is drawn on the plot of the observations, it will be 
obvious whether this set of parameters represents them satisfactorily. 
If not, a second approximation is in order. A computer familiar with 
the problem, and with the general shape of the theoretical curves, will 
usually be able to draw an improved free-hand curve, leading to new 
parameters and a better fit for the computed curve, and proceed, either 
by “cut and try” or by methods of approximation appropriate to the 
particular problem, until he gets a satisfactory fit. 

When this happens, the conventional elements may be computed from 
the adopted parameters. To do this for the inadequate earlier approxi- 
mations would merely waste time. 

If measures are lacking, or of low accuracy, for a part of the time 
(as when a visual binary is too close to be well resolved) it often hap- 
pens that the observations on other parts of the curve suffice to deter- 
mine the parameters, and bridge the gap. Such cases are hardly to be 
recommended to a novice, and even the experienced computer may have 
to make experimental trials before he finds the answer. If the calcu- 
lations of each particular trial does not take much time, this will not 
bother him much. 

Only when a satisfactory fit has been obtained over the whole range 
of observation is there any sense ‘in applying elaborate methods such 
as a correction by least-squares. This method is essentially a device for 
transforming an already good fit into the best possible fit, and it gets 
the best fit only for the particular set of observations, on the assumption 
that the theory on which the calculations are based is complete and that 
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the corrections to the assumed parameters are so small that their 
squares and products are negligible. Moreover, it is a very laborious 
method—much more so than corrections by processes adapted to the 
particular problem. Hence, by common consent, it is applied only to 
derive the best available results when there is no hope of making more 
observations (as for a comet that will not return for a long time) or 
when such a good set of observations has been obtained that it is un- 
profitable to make more on this system when other equally interesting 
ones are inadequately observed. The former case never occurs among 
binary stars; examples of the latter may be met among all classes of 
them. The main value of a least-squares solution is that it indicates the 
range of uncertainty to which the computed parameters are liable— 
provided that there are no systematic errors in the observations, or un- 
known influences in the system. Unless these conditions are satisfied, 
the actual dubiety of the values may be much greater.’ 


In a few cases, no satisfactory adjustment of the curve to the ob- 
servations is possible. This means either that the errors of observation 
are serious, or that some disturbing influence, which is not allowed for 
in the usual theory, is present in the system. The first alternative must 
evidently be excluded by critical study of the observations before the 
second can be seriously considered. 


For visual binaries, the percentage accuracy of the observations is 
low, except for wide pairs observed photographically. However, two 
coordinates are measurable, and these are connected with each other 
and the time by simple geometrical relations—the apparent ellipse and 
the rate of description of area in it. 

The old method of plotting the observations in polar coordinates and 
drawing an apparent ellipse to represent them is open to the grave ob- 
jection that it almost ignores the times, which are far the most accurate- 
ly known data. 

Herschel’s still older method of plotting the angles and distances 
separately against the time, and drawing interpolating curves to repre- 
sent them, avoids this objection. From the first free-hand curves the 
areas described in successive equal intervals (say of five years) may be 
found at once—being substantially equal to r, r, (6, — 6,), and the two 
curves may then be adjusted empirically so as to make these areas equal 
while adhering as closely as may be to the observations. The resulting 
values of r and 6, when plotted in polar coordinates, should give an 
ellipse. The writer’s experience, in rather difficult cases, has been that 
the curve usually comes remarkably near to being an arc of an ellipse, 
though the extent of the unobserved portion of this may be considerably 
uncertain. This ellipse may be quickly determined by semi-graphical 
methods which show what uncertainty remains, or in various other 
ways. 

The Thiele-Innes method? is analytical rather than geometrical in 
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nature, and utilizes three widely separated normal places and the ob- 
served constant of areas. Errors in the normals will produce errors in 
the elements; but, if this happens, the representation of the observa- 
tions by the computed orbit will be good near the dates of the normals 
and run off systematically between them. Such cases may thus be 
recognized; and an expert in the method would probably have little 
difficulty in seeing what changes in the normals would diminish the 
discordances. 

When the apparent ellipse has been determined, all difficulties are 
past. The problem of passing to the true orbit is merely geometrical, 
and has been solved in a remarkable variety of ways. 

The calculation of an ephemeris—or of the theoretical forms of the 
interpolating curves, which amounts to the same thing — may most 
simply be made in terms of the eccentric anomaly in the orbit. By simple 
geometry, the rectangular coordinates of one star relative to the other 
are of thé form 

x=a+bcosE+csin E y=a’'+b)’cosE+c’'sinE, 
and by Kepler’s equation E—esin E—n (t—T), where n is the 
mean motion. To make the computations for equidistant values of the 
time demands the solution of Kepler’s equation for each entry; but if 
equidstant values of E are chosen, this labor is avoided—and one set of 
values is as good as the other for plotting the curves from which the 
position-angle and distance at any time may be read. 

The principal practical complication for visual binaries arises from 
the long periods. Preliminary orbits are, naturally enough, computed 
as soon as the data permit even an approximate solution—and some turn 
out to have been computed sooner! In many pairs (such as o CrB) 
the observations define the apparent orbit near periastron pretty well, 
but its extent at the unobserved apastron is very uncertain. Orbits with 
high eccentricity, large major axis, and long period, and with smaller 
values of all three represent the observations almost equally well. In 
such cases the values of A*/P? are usually nearly the same for all per- 
missible orbits—which are therefore adequate to determine the relation 
between parallax and mass fairly well, though not for prediction of the 
apparent position centuries hence. 

Difficulties also arise from inability to resolve a close pair in parts of 
the apparent orbit. The trouble here arises from the inadequacy of 
existing instruments. Sometimes, as for a Ursae Majoris, the problem 
is soluble only with the aid of observations of proper motion and radial 
velocity.* 

For wide pairs, accurately observed by photography, it is probable 
that analytical methods, utilizing the higher percentage accuracy of the 
observations, will be increasingly employed. 

The orbital elements of a visual binary can be determined without 
ambiguity from good observations covering a sufficiently long arc, with 
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the well-known exception that the analysis (however it may be con- 
ducted) determines not the inclination, but its cosine. The computed 
inclination must therefore be given the double sign + ; small inclinations 
are ill-determined to an extent that rises to actual analytical indetermin- 
acy when i==0, (a case which is, fortunately, rare in practice). The 
longitude of the node is so defined that the ambiguity is thrown upon 
the inclination. When i is small the uncertainty of & may be very 
great. Observations of radial velocity remove the ambiguity, but not 
the indeterminacy, if it is present. 


When i= 90° the apparent orbit is a straight line (as in 42 Comae) 
and the methods of solution so far described fail. The elements can be 
determined without difficulty, and with no ambiguity, from a plot of the 
observed distances against the time, by methods which have some like- 
ness to those used for a spectroscopic binary. 

The determination of mass-ratios from measures connecting the com- 
ponents with other stars, or, for the widest pairs, from meridian ob- 
servations, is an astrometric problem very similar to the measurement of 
stellar parallax. 


Calculation of the orbit of a visible star about the center of gravity 
of itself and an invisible companion presents the most advanced prob- 
lem in the field of visual binaries—as regards the number of unknowns 
to be determined, the accuracy required in the observations, and the 
complexity of the analysis. 

The classical cases of Sirius and Procyon stood alone till very recent- 
ly, but a wealth of recent discovery is opening a field of equal challenge 
to the observer and interest to the astrophysicist and cosmogonist. 

Spectroscopic binaries present the simplest problem of the three 
classes. The periods are usually short, so that the observations cover 
many cycles. The determination of the period is then almost independ- 
ent of that of the other elements, and must in practice precede the latter, 
so that the observations may be “assembled on the period.” If the 
initially assumed period is sensibly in error, this will then appear in the 
form of deviation between the older and newer observations on the 
steeper parts of the curve, and a corrected period may be derived, which, 
will need no further improvement except in a final, definitive solution. 

In some instances, such as the long-period variation in Polaris, a solu- 
tion is practicable when but a single cycle has been completed—provided 
that there are no serious gaps in the time-sequence of observations. It 
would be rash to attempt a solution before it was clear that a full period 
had been completed. 

The relations between the elements and the observed curve are 
simpler than for the other classes of binaries. When only one spectrum 
is observable, the velocity-curve is completely defined by six parameters. 
Two of these, the period P and epoch T, define the horizontal scale 
and zero-point of the curve; two more, the semi-amplitude K and sys- 








on- 
ted 
ns 
in- 
‘he 
on 
ry 
10t 


e) 
he 


—_ 


m- 
b- 
of 


ity 
b- 
ns 


he 








Henry Norris Russell 167 





temic velocity y, do the same for the vertical coordinate; and only the 
remaining parameters, e and wo, are left to determine the shape of the 
velocity-curve. 

The existing methods for determining the elements are all based on 
the general course of the velocity-curve. They fall into two groups. 
One, depending on harmonic analysis, is applicable only to orbits of small 
eccentricity (less than about 0.2), but rapid and accurate for these. 
Other methods, based on Kepler’s laws, are available for any eccentri- 
city. The work, whether analytical or graphical, is fairly simple, and 
the routine computer who proceeds by the application of formal pro- 
cedures to the observed curve is likely to fare better here than for 
binaries of any other sort. Tables giving the true anomaly in the orbit 
save time in computing the velocity-curve. 

The longitude of the node is inherently indeterminable ; and the major 
axis and inclination appear only in the combination asini. There is 
never any additional theoretical indeterminacy for those elements which 
can be found at all. When two spectra are observable, but one new 
parameter, K’, is required for the second. If the secondary spectrum is 
faint, only this quantity need be determined from it; if the measures of 
the two are of comparable accuracy, they have weight in determining 
the other elements. The mass-ratio can be found from the solution 
(m,/m,==K/K’) or from the measured velocities of the two com- 
ponents on a number of dates. The first method has greater weight ; 
the second may be applied if the orbit, and even the period, is unknown. 


Complications arise from blending of the lines when the relative 
velocity of the components is small. These may be serious if the spectra 
are resolved only near maximum velocity. Measures on the blended 
lines are of little value; and they may be somewhat affected even when 
the secondary spectrum is not directly detectable. 

Solutions by least-squares are more frequently made for spectro- 
scopic binaries than for those of other sorts. Several reasons appear for 
this: the equations of condition are simpler than in any other case; 
many investigations depend upon the work of a single observer and in- 
strument and so upon relatively homogeneous observations ; and knowl- 
edge of the probable errors is valuable when the work of two such ob- 
servers is to be compared. Many of the earlier detailed studies—which 
may have set the fashion for later ones—were parts of doctoral theses, 
where a least-squares discussion was required of the student. 


One practice which grew up in the case of nearly circular orbits 
illustrates the disadvantages of setting too much store upon any par- 
ticular formal set of elements. When the eccentricity e is very small, 
the longitude w of periastron is inherently uncertain, and consequently 
the time T of periastron passage. The correction Aw and AT then 
have very small coefficients in the equations of condition, and come out 
with enormous probable errors. This looked so disturbing that it became 
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the fashion to “nail down” the value of » (or else of T) obtained in the 
preliminary solution, and treat it as if it needed no correction. The 
probable error of the other one of the pair then took on a satisfactorily 
small value; but such a treatment violates the fundamental canons of 
least-squares, and leads to illusory results. What happens in such a 
case is that the errors Aw and AT are very closely correlated, so that, 
though they are both great, that of Aw +n AT (where n is the mean 
motion) is small. The latter is substantially that of the mean longitude 
E in the orbit at a given epoch—familiar in the list of planetary ele- 
ments. The uncertainty of » when e is small can be eliminated by intro- 
ducing the new parameters ge sin», he cos (that is, by using 
the rectangular instead of the polar coordinates of the focus of the 
orbit, relative to the center). When corrections to E, g, h are substituted 
for those to T, e, , the least-squares solution gives reliable values with 
moderate probable errors, even when the orbit is sensibly circular. 


When eclipses occur in a spectroscopic binary, the value of e cos o 
may be determined from the intervals of the minima, with high ac- 
curacy. The values derived from the velocity-curve often disagree with 
these by much more than their computed probable errors—indicating 
the observed radial velocities are subject to systematic disturbing in- 
fluences of some sort. Such deviations will be produced by variations 
in the surface-brightness of the star-disks, due to the gravity-effect (see 
below) ; but Kopal has shown‘ that the effects will usually be small, and 
unknown influences appear often to be at work. 


Changes in radial velocity may arise from many other causes than 
orbital motion. The most remarkable of these are attributable to 
motions in envelopes or shells of gas surrounding the star. These are 
sometimes fluctuating, with a high range of velocity, but no regular 
periods. More deceptive are the smaller and very regular velocity 
changes of Cepheid variables, which can often be satisfactorily repre- 
sented by curves derived from orbital elements. Only the weight of 
other evidence has led to the conviction that the motion is really pul- 
sational and not orbital. Even when orbital motion is undoubtedly pres- 
ent, there may be complicating influences, such as the “rotation effect” 
found during the partial phases of eclipsing binaries and the displaced 
lines observed at certain phases in B Lyrae, which are probably pro- 
duced in moving streams of gas. 

Eclipsing variables present the most complicated problems found in 
any type of binaries. The observations may be made at all phases dur- 
ing the period, and with a percentage accuracy comparable with that 
attainable for the other types; and the possibility of observing in widely 
different wave lengths is of important aid in the physical interpretation 
of the phenomena. 

The difficulties are inherent in the problem. First, the number of 
parameters required for a complete specification of an eclipsing system 
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is much greater than for a binary of any other sort. Six are needed to 
define the relative orbit, the period P, the time of principal conjunction 
tp, the quantities ecos» and esinw, the inclination i, and the mean 
distance. (The longitude of the node is undeterminable, since there 
is no hope of visual resolution of any eclipsing system.) 


For specification of the eclipses, at least six more parameters are 
necessary, the radii r, and r, of the components, their luminosities 
L, and L,, and the coefficients x, and x, which define the darkening at 
the limb. Unless the components are widely separated, six more 
parameters are required, expressing the ellipticities of figure, the co- 
efficients of gravity-darkening, and the “reflection” effects due to the 
heating of each star by the radiation of the other. Eighteen parameters 
are thus required for a full description of the system. Four of these 
for each component (luminosity, limb-darkening, gravity-darkening, 
and “‘reflection’”’) will vary with the wave length. The actual mean dis- 
tance can be determined only from measures of radial velocity, and the 
actual luminosity from those of parallax. Avoiding these difficulties as 
usual, by taking a as the unit of distance and L, + L, as that of lum- 
inosity, sixteen parameters remain. 

The light-curve cannot be plotted unless P has been determined, and 
t, can then be found directly from it. This disposes of two parameters. 
Most orbits of eclipsing pairs are sensibiy circular, with e cosw=e 
sino 0. Twelve parameters are left. 

When the components are widely separated, the ellipticity, gravity- 
effect, and “reflection” are very small. If it is assumed that the limb- 
darkening is the same for both components and has a value specified 
in advance, the number of parameters outstanding may be reduced to 
four, r,, r,, L, (= 1—L.,), andi. 

Second, even in this drastically reduced problem, the analytical rela- 
tions connecting the parameters and the light-curve are intricate, and 
tables of special transcendental functions are necessary for the solution 
of the simplest cases. Moreover, the solution for the elements from 
the light-curve is indeterminate in some important cases—e.g., when the 
disks are of uniform brightness, the eclipses partial, and the minima of 
equal depth. Under many other circumstances, though the solution 
is theoretically determinate, there is a considerable range of correlated 
values of the elements which lead to almost identical light-curves. 

The solution therefore makes unusually severe demands upon the pre- 
cision of the observations—always during the eclipses, and often out- 
side them. Only observations by accurate methods afford a basis for 
more than provisional calculations. Observations by weaker methods, 
such as uncalibrated visual estimates, may be of value in determining 
periods; but elements based on them are not competent evidence in any 
refined discussion. 

One is reminded of a remark made long ago by E. S. Martin in a 
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discussion of divorce. “May there not really be three grades—holy mat- 
rimony, respectable matrimony, and better-than-nothing matrimony ?” 
No impeccable elements for eclipsing binaries yet exist—for reasons 
soon to be described ; there are many highly respectable ones, and others 
of varying degrees of acceptability ; but the results will be little better 
than nothing if the observations on which they are based are no better 
than they should be! 


Before attempting a solution of the more careful sort the computer 
should inquire diligently into the antecedents of the observations. The 
obvious test of plotting the individual observations will detect a large 
and ragged accidental error. More subtle and more dangerous are 
irregularities in the photometric scale. These are most to be feared 
when the observations are not direct photometric measures, but esti- 
mates relative to a set of comparison stars; and the manner in which 
the adopted magnitudes of the latter have been determined requires 
careful scrutiny. 


Even with very precise observations, and under the most favorable 
circumstances, the determination of the sixteen parameters mentioned 
above would hardly be possible except with the aid of certain theoreti- 
cal relations to which they must conform. 


» The ellipticity of figure of the components and the variation of grav- 
ity over their surfaces can be calculated from dynamical theory, pro- 
vided that their radii and the ratio of their masses are known. In gen- 
eral, it would be necessary to specify another parameter for each star 
depending on the internal distribution of density, but the study of sys- 
tems with moving apsides shows that in all known cases the central 
condensation is so great that the “Roche model” in which all the mass 
is supposed to be concentrated at the center gives the shape of the sur- 
face accurately enough to be quite satisfactory, so long as the uncer- 
tainty of the radii is greater than one part in 200. 

The theory also assumes that the orbit is circular, and that the periods 
of rotation and revolution of the components are equal. The latter 
appears to be true in most cases, but certainly not in RZ Scuti® with its 
huge spectroscopic rotation effect. However, the very observations 
which reveal this peculiarity should enable calculation of its amount 
and consequences. 

When the orbit is elliptic, an exact theory becomes very complicated. 
It is probably a good approximation to assume that the tidal distortion 
has the value corresponding to the separation of the components at the 
instant. 

All these influences have been worked out by Kopal*, whose analysis 
includes departures from the ellipsoidal figure. 

One new parameter, m,/m,, thus enables the calculation of this whole 
set of effects. This quantity can be easily determined spectroscopically, 
if the lines of both components are visible. To attempt to estimate it 
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from the mass-luminosity relation is dangerous, for there is strong 
evidence that, in many eclipsing binaries, this relation is not satisfied 
for the larger and fainter component.’ 

When only the spectroscopic orbit of the brighter component is known, 
a rough estimate of the mass-ratio may be obtained by adjusting it so 
that the calculated mass of the principal star agrees with that corre- 
sponding to the absolute magnitude computed from its radius and prob- 
able surface temperature—or even with the average for stars of its 
spectral class. 


The determination of the mass-ratio from the light-curve involves 
extreme precision of observation, and equal refinement of calculation, 
and is rarely practicable. 


The limb-darkening and gravity-darkening depend upon the effective 
temperature T, of the surface and the effective wave length A of ob- 
servation. For total radiation the coefficient of the former should be 
0.6 (making the limb 2/5 as bright as the center) and that of the latter 
1.0 (making the emission from the surface proportional to the local 
gravity). Both effects depend on AT,, being small when it is large, and 
vice versa. Their values can be calculated on gray-body theory, for 
given effective temperatures. This indicates that the coefficient of dark- 
ening for visual light should range from 0.25 to 0.75 between classes 
BO and KO, and that of the gravity-effect from 0.4 to 1.4. These values 
are probably rather rough, but indicate that the spectral class should be 
dominant in determining the observable values. 

The direct determination of the limb-darkening from the light-curve 
is made very difficult by the correlations between it and other param- 
eters which have to be determined at the same time—except in the case 
of a nearly central annular eclipse. Few such cases have been accurately 
observed. They indicate a darkening coefficient of about 0.5 for Class 
A—in fair agreement with the elementary theory. 

The principal part of the variation in brightness outside eclipses is 
proportional to the ellipticity of figure of the stars—the factor increas- 
ing with the limb-darkening and gravity effect. By comparison of the 
dynamical ellipticity, calculated gravitationally, with the “photometric 
ellipticity” derived from observation, additional direct determinations 
of the limb-darkening should soon become available.*® 

For most systems, it will be preferable to adopt a value of the “dark- 
ening” depending on the spectral type rather than to attempt to find 
it from the observations. 


Tables have been computed for the values 0.2, 0.4, 0.6, and 0.8 of 
the darkening coefficient and, except in very refined work, the one of 
these which is nearest to the estimated darkening should be employed. 
For visual observations, the corresponding spectral ranges are O-BS, 
B6-A8, A9-G5, and G6-M. In a border-line case, it is not much extra 
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work to compute for two tabular values of the darkening, and thus 
“bracket” the probable true value. 

When these tables are published, the once difficult problem of limb- 
darkening will give little trouble to the computer. 

The radiation effect (formerly called the reflection effect) arising 
from the heating of the sides of the components which face one an- 
other, leads to the most intricate analysis in the whole theory of eclips- 
ing binaries. Only simplified cases have yet been solved. The principal 
effect is to make the observed light greater outside the secondary mini- 
mum than outside the primary. This effect depends also upon the wave 
length, but its approximate amount may be determined. 

For the calculation of all these effects, with the gray-body approxi- 
mation, only one additional parameter is required—the effective tem- 
perature of the brighter component. A single spectrogram should give 
this. That of the fainter component follows from the ratio of surface 
brightness. With cooperation between photometric observers and those 
with great telescopes, such data should be available for all but the 
faintest stars. 

To determine the spectral type and effective temperature from the 
color index is tempting, but likely to be inaccurate. Errors in the zero 
points of either the visual or photographic magnitudes here enter to 
their full amount, and space-reddening may be serious, since many 
eclipsing variables are remote. 

To take complete account of all these effects is at best very laborious, 
and worth while only when the observations are unusually precise. The 
most troublesome features arise from the differences in shape of the 
components, and from the uneven distribution of brightness over the 
disks caused by the gravity and reflection effects. 


Formulae for taking precise account of all these effects have been 
developed by Kopal.*® Their practical application depends upon the com- 
putation of tables of new “associated alpha-functions” which is believed 
to be under way. 

For the great majority of eclipsing variables so detailed a discussion 
is out of the question, and a new problem arises. Can an “interme- 
diary” model of an eclipsing system be devised, such that (a) it may 
be precisely specified in terms of physical elements similar to those 
which define the actual system; (b) that, with suitable values of these 
elements, it may be capable of giving a light-curve which differs very 
little from that of any normal eclipsing pair, and (c) that the calcula- 
tion of the light-curve from the elements and the derivation of these 
from the light-curve shall be reasonably simple and rapid ? 

All these requirements can be met, when the orbit is circular, by a 
model consisting of a pair of similar prolate spheroids with their long 
axes coincident with the line joining their centers. The contours of 
equal surface brightness on the elliptic disks are ellipses similar to the 
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boundary. The main parts of the effects of ellipticity, gravity-darken- 
ing, and radiative heating are determined from the non-eclipse part of 
the curve, and eliminated, producing a “rectified” light-curve which 
may be discussed by equations differing only in detail from those which 
hold good for spherical stars. The coefficients of darkening at the limb 
are estimated from the spectral types, and need not be the same for the 
two components. 

A model thus calculated will give a close approximation to the ob- 
served light-curve; but the computed ellipticity, radiation-effect, etc., 
may not agree with the values predicted by dynamical and physical 
theory. By judicious small changes in the parameters, it should usually 
be possible to get a model which satisfies these theoretical relations, 
and gives a good representation of the observations. 

This stage in the process of adjustment has only recently been sug- 
gested, and, so far as the writer knows, has not yet been carried out in 
practice. The best methods of approximation may vary from case to 
case. When the computed light-curve runs close to the plotted observa- 
tions, the result may be accepted as satisfactory. 

There is no point in trying, at this stage, to get the best possible fit, 
because a host of small but perceptible influences have so far been 
neglected, such as the effects of differences in the shape of the com- 
ponents, and of uneven distribution of brightness over their disks 
caused by the gravity-and radiation-effects. 

When the necessary auxiliary tables have been computed, it will be 
possible to start with the fundamental parameters defining the system— 
the inclination of the orbit, the mean radii and luminosities of the com- 
ponents, and their mass-ratio and effective temperatures—and calcu- 
late accurately their shapes, the distribution of brightness over their 
disks, and then a precise light-curve. 

The intermediary solution gives good values of these parameters — 
though not the best possible. A light-curve will have already been com- 
puted from these by the simplified intermediary formulae. The differ- 
ences between the values read from the exact and the intermediary 
curves at any phase then represent the combined influence of all the 
neglected effects. 

Here is a situation precisely similar to that which arises in computing 
the orbit of a comet. If two ephemerides are computed, in one of which 
the attractions of the planets are neglected, while in the other they are 
taken into account, the differences between the two represent the per- 
turbations due to planetary attraction. The observed positions of the 
comet are then “cleared of perturbations” by subtracting the appropri- 
ate values of these differences, and the resulting positions are treated 
according to the relatively simple theory which includes only the sun’s 
attraction. 

In the present case, the differences between the exact and the inter- 
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mediary light-curves may be regarded as perturbations. The observa- 
tions may be “cleared” in the same way, and a set of values obtained 
which, when discussed with the aid of the relatively simple intermediary 
equations, should give very good elements. At this stage, and not 
earlier, comes the time when definitive elements may be determined by 
least-squares. 


There are not many eclipsing variables for which the existing ob- 
servations are numerous and precise enough to justify the very labori- 
ous discussion. For the general run of well-observed stars, a good 
intermediary solution should suffice. If the mass-ratio is unknown, the 
adjustment to physical theory can be made only roughly, but a fairly 
respectable solution may still be obtained. When the spectral type is 
unknown, the limb-darkening and related quantities can only be guessed 
at, but elements will still be decidedly better than nothing if the observa- 
tions are good. 


In all but the simplest cases, the solution must be made, not in a 
single step, but by successive approximations—which are often con- 
ducted more profitably by “cut-and-try” methods than by formal rules 
of successive procedure. In the more complicated cases, the investigator 
has to proceed like the traditional Yankee skipper in a fog “by guess 
and by gosh’—and “often mainly by gosh” as a friend of the writer 
remarked. The simile is a good one. The computer must be more of a 
pilot than a navigator—using experience and “local knowledge” rather 
than text-book rules. Fortunately there are plenty of simple cases 
from which he may learn the tricks of his trade under clearer condi- 
tions. He has one great comfort. If his computed light-curve is in 
good agreement with the observations, he is in port, no matter how he 
got there. The worst penalty for getting stuck is to shove off and try 
another route, and there is only one dangerous procedure—premature 
publication. 


The various methods of calculation which have been suggested all 
depend upon the functional relation between the loss of light due to 
eclipse and the fraction of the diameter of the small disk which is in- 
volved. Except for uniform disks (which are very unlikely to be met 
with in practice) the relation involves elliptic functions, and detailed 
tables must be computed. One double-entry table, giving the relation 
of these quantities for specified values of the ratio of the radii of the 
disks suffices theoretically ; but much time-consumnig algebra may be 
eliminated by the construction of derivative tables of special functions 
adapted to particular cases. 

The three-place tables published in 1912'° are inadequate for precise 
work. More accurate computations have been made, especially by Zes- 
sewitsch. An extensive set of tables, calculated by J. E. Merrill, will 
soon be published. Nomograms, from which closely approximate solu- 
tions can be read by inspection, will accompany the tables. These have 
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the advantage that the effects of any assigned uncertainty in the ob- 
servational values with which the nomograms are entered upon the 
parameters deduced from them may likewise be found. 

The presence of sensible eccentricity in the orbit introduces great 
additional complications. If this is present, the primary and secondary 
minima will, in general, be unequally spaced and of unequal width. 
From the displacement of the secondary relative to the time midway 
between primary minima, the value of e cos » may be derived with high 
accuracy (but with algebraic complications when the inclination differs 
seriously from 90°). 

When i= 90° the ratio of the widths of the minima gives e sin o, 
though with much lower accuracy. The eclipse which occurs nearer 
apastron is the longer. As 90°—i increases, this eclipse ultimately be- 
comes equal to the other in length, then shorter, and finally fails entirely 
while the periastron eclipse is still present. 

For less extreme conditions the equations given by Sterne” give a 
valuable first approximation. Near the limit a spectrographic determin- 
ation of e and w appears to be necessary. 

Cases of considerable eccentricity are rare—fortunately for the com- 
puter. Their occurrence is fortunate for the astrophysicist, for the 
ellipticity of the components causes a slow advance of the line of 
apsides, and a change of the interval between minima. From the rate 
of apsidal motion and the radii and mass-ratio of the components, in- 
formation may be derived regarding the internal constitution, which 
is accessible in no other way. 


There are a good many eclipsing variables which show peculiarities 
which are not accounted for by the general theory so far described. 
Variations in period are all too common. The times of eclipse usually 
show slow and apparently irregular oscillations, superposed on a uni- 
form period and requiring years for a single swing. 


In many instances these are not simply periodic, and there are few 
if any cases, in which prediction appears to be safe. The secondary 
minimum often remains persistently a half-period from the primary, 
showing that the orbit is sensibly circular, and that complex variations 
of large amplitude occur in the mean longitude. In some instances, 
the observations may be represented by an abrupt change of period, but 
it is possible that this may turn out to be a feature of a fluctuating 
change. These changes are so slow that many decades are likely to 
elapse before it can be determined whether there is any underlying 
regularity in them. Their causes are so far quite unexplained. 


There are a good many asymmetrical light-curves-—the light, for 
example, being greater after the middle of the primary eclipse than at 
the same interval before it, and repeating this behavior indefinitely. 
When the asymmetry extends throughout the period, and can be repre- 
sented by simple sine-terms in the longitude measured from conjunc- 





176 Snow on the Moon 





tion, it is customary to remove these when rectifying the curve, and 
proceed as if this had eliminated them—a procedure of the better-than- 
nothing type. Persistent localized humps have occasionally been found 
by good observers, only to disappear in later years. 

In a few cases one or both components of the pair are intrinsically 
variable. When the variations are slow, it is sometimes possible to allow 
for it and get a light-curve which is better than nothing, or even toler- 
ably respectable. Sometimes not even this is possible. 

There are a few cases in which the usual assumption that the stars 
appear as sharply bounded disks is questionable. The most notable 
instance is the Wolf-Rayet component of V444 Cygni, which is not only 
diffuse but considerably larger when eclipsing its companion than when 
undergoing eclipse. 

The large component of ¢ Aurigae may have a diffuse limb, and that 
of e Aurigae may be semi-transparent. There are several cases in which 
it has been suggested that a disk may appear larger in red than in blue 
light. Of these SX and RX Cassiopeiae are probably intrinsically 
variable, while for AR Monocerotis and QY Aquilae the photographic 
observations are fairly good and the visual ones very weak, so that, in 
the writer’s judgment, the existing evidence is not adequate to settle 
the question. It is much to be desired that each of these stars should 
be observed by precise methods in widely different wave lengths, and 
intensively over as short an interval as is required to secure a good 
light-curve. 
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Snow on the Moon 
By FRED M.GARLAND 


There has been some controversy over the years about moisture on 
the moon in the form of snow, ice, or hoarfrost. In considering the 
following remarks, it might be well to recall these simple definitions : 

Snow: White or transparent crystals or flakes of ice, congealed in the 
air from particles of water. 

Ice: Water frozen, or reduced to the solid by cold. 
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Hoarfrost: White particles of congealed moisture formed on objects 
exposed to cold air. 

Frost: Frozen dew or vapor—crystals formed in the precipitation of 
atmospheric vapor at low temperatures, just as dew is formed at high 
temperatures. 

In the study of practical physics, we readily learn what causes the 
formation of dew, frost, fog, clouds, rain, sleet, hail, and snow on or 
above the earth’s surface; however, man, in using that knowledge to 
tell us of what we might expect to find on the moon’s surface, is imme- 
diately faced with many limiting factors. For instance, we can actually 
see these changes in our own atmosphere; but the observations made 
and reported of such conditions existing on the moon are so few that 
many astronomers are not satisfied to accept them as final. 

To go back a bit, in 1873, Proctor in “The Moon,” p. 292, mentions 
the experiment of Dr. Huggins watching the occultation of the spectrum 
of a star until the moment when the star itself has been occulted, the 
spectrum disappearing as instantaneously as the star. He made the 
point “that any atmosphere existing around the moon would affect the 
red rays more than the other; . . . it might be expected that the blue 
end of the spectrum would disappear a moment or two before the red 
end. But this did not happen.” 

Todd, in 1897, contended that there was no air or water on the moon, 
stating that, even though these elements were once present on our satel- 
lite, their absence now is easy to explain according to the kinetic theory 
of gases. Simon Newcomb (1900) said it is now certain that the moon 
has neither water nor air in any quantity sufficient for us to detect its 
existence. 

About this time (1900), Professor W. H. Pickering made an ex- 
pedition to Jamaica where, it was thought, observations would be un- 
usually favorable because of atmospheric conditions. As a result of 
this trip in 1903 a photographic atlas of the moon by Pickering was 
published at Cambridge (Vol. LI of the Annals of the Astronomical 
Observatory of Harvard College) on page 9 of which the author says: 
“The snow in the lunar polar regions and on the mountain tops is well 
shown on Plate 9E. Many of the higher summits of the Apennines are 
brilliant with snow!” Elsewhere in the book (pages 23, 24, 31, 32, 33) 
frost and snow are repeatedly mentioned as having been seen. And to 
prove he was right, Pickering did not stop with that. His later con- 
tributions to Popular Astronomy appear as follows: 


Vol. XXIII (1915) p. 130, “Snow is found mainly upon the 
ridges. . . cracks exist along their crest lines. . . from these 
cracks water vapor escapes and on account of the deficiency 
of the lunar atmosphere is immediately redeposited as snow.” 


p. 133, “The snow storm has begun;” “The snow storm still 
continues” (on Pico). 
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Vol. XXIV (1916) p. 443, “. . . a little vapor is still emit- 
ted (from a cone) and has fallen as snow upon it.” p. 444, 
“The snow in Theophilus at present lies only on the ridge.” 


Vol. XXVITI (1919) p. 582, “. . . no water can exist on 
the moon, except such as is retained in its soil by capillary at- 
traction. At the same time snow certainly exists there, be- 
cause we can watch certain bright spots gradually diminish in 
area, and disappear in the sunlight . . . we can watch the 
water vapor condense into clouds, composed of minute par- 
ticles of ice.” 


Vol. XXVIII (1920) p. 389, “Many snow patches and 
clouds are visible in this region” (Titlke—The Conon Bradley 
Snow Fields). 


While he did not dwell or elaborate on the subject, Pickering had 
some ideas about vegetation on the moon; but that theory, if true, would 
mean water would have to be present altho eventually and seasonally 
changing to frost, snow or ice. 

The theory of lunar glaciation was first advocated by Peal, and is 
found in journals from 1880 onward. Approximately near the time 
of Pickering’s studies in Jamaica, Charles A. Young in his ‘General 
Astronomy” (1904) went so far as to suggest that there may be great 
cavities left, and that within them some of the moon’s atmosphere re- 
tired, so absorbed during the cooling stage. Young was careful to say 
that the moon’s force of gravity (having in mind the critical velocity) 
is so small that the moon must be airless. 

Philip Fauth who wrote “The Moon in Modern Astronomy” (1909) 
favored the idea that the moon is covered with a thin layer of ice. This 
hypothesis was advocated by Andries, Ericson, and others. Goodacre, 
author of “The Moon” (1931), was a close observer, yet he went only 
so far as to say that the rocks retain their heat far into the afternoon 
and then before sunset, due to the rapid fall, hoarfrost would appear 
if water vapor existed. 

One of my fellow townsmen (Kurniker—1934) devoted almost an 
entire book to developing the ideas of Hoerbeger and Forbes; Kurniker 
maintained that the surface of the moon is ice and that the familiar rays 
are “streaks of ice covered with frost!” 

Isabel Lewis (U. S. Naval Observatory) in Leaflet 5, Astronomical 
Society of the Pacific (1926) said, “Some observers consider that there 
is abundant evidence of the existence of water in this form on many 
mountain peaks, crater-walls, flanks of crater-cones, volcanic vents and 
elsewhere.” In Leaflet 152 (1941) she stated, “Though water on the 
moon is ruled out, there may be deposits of hoarfrost at times.” 

Edison Pettit and Seth B. Nicholson (Popular Astronomy, Vol. 
XXXVII, 1929, p. 322) considered temperatures on the moon; most 
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of their work along this line had to do with radiation and the inferred 
temperatures indicating that almost everything you see on the moon at 
full phase is above freezing temperature. 


Robert Baker in his “Astronomy” (1930), p. 123, explains “the moon 
can have no appreciable atmosphere” but “small amounts (of water) 
would speedily evaporate in the daytime, or else might persist as ice in 
cracks where sunlight does not enter. It is quite possible that water is 
present in the composition of the rocks.” 


J. L. Butler, discussing the ray system on the moon, (Popular 
Astronomy, Vol. XL, 1932, p. 205), concludes, “We may say that some 
of the white color of the ray systems is due to the presence of calcium 
and some of its compounds . . . the lunar ray systems contain lime 
or ‘solar whitewash’ . . . the element calcium and nearly all of its com- 
pounds when cold are white.” 

W. T. Skelling and Robert S. Richardson in their “Astronomy” 
(1939) explain clearly, why, in their opinion, the moon is without air 
or atmosphere ; effects of different escape velocities are described ; and 
it is their thought that the great and sudden changes of temperature in 
the moon’s rocky crust should in the course of time break it into powder- 
ed form. Also, meteoric dust settling on the moon has been suggested 
as a possible source of a pulverized surface, and it was thought that 
such a dust would be similar to pumice. So, they observe, “On the 
earth it is sometimes found staining the perpetual snow of lofty moun- 
tains; on the moon it might accumulate undisturbed, as a fine sediment 
accumulates in the quietness of a deep sea bottom.” 

Turning to “Astronomy, Maps, and Weather” (1942), p. 291, Pro- 
fessor C. C. Wylie deals with the moon’s atmospheric changes and says 
“there is neither air nor water. . . but enormous temperature changes 
might cause enough expansion and contraction to crumble the surface 
rocks to a certain extent . . . the millions of tiny meteors striking each 
day would have pulverized a layer a few inches thick since the forma- 
tion of the moon . . . the surface of the moon is a fine dust . . . in- 
stead of bare rock.” 

In commenting on the radiating streaks from Copernicus, J. E. 
Spurr, in his “Geology Applied to Selenology” (1944), comes right out 
flat-footed and states: “I see no reason to doubt that they represent 
finely divided volcanic dust or ash.” Spurr also refers to the conclusions 
of F. V. Wolff (1914) and F. E. Wright (1938) with different ob- 
servers of many years ago, that the rays are streaks of fine dust. 

H. Spencer Jones in “Life on Other Worlds” (1940), p. 129, care- 
fully states : “These extreme and rapid variations (in temperature) are 
what we should expect on a world that is entirely devoid of atmos- 
phere.” “The moon shows no sign of change” (p. 130). 

Russell, Dugan, and Stewart in “Astronomy” (1926) write at para- 
graph 202: “If there is no atmosphere on the moon, there can of course 
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be no water on its surface, or even any moisture in the ground, for it 
would immediately evaporate and form an atmosphere of water vapor. 
Any free water which the moon ever possessed must have evaporated in 
this fashion and escaped into space, molecule by molecule, as described 
above. Water of hydration may, however, be present as a chemical con- 
stituent of the rocks.” And again at paragraph 212: “Changes on the 
Moon. It is certain that there are no conspicuous changes; there are 
no such transformations as wouid be presented by the earth viewed 
telescopically—no clouds, no storms, no snow of winter, and no spread 
of vegetation in the spring. At the same time it is confidently maintain- 
ed by some observers that here and there alterations do take place in 
details of the lunar surface, while others as stoutly dispute it. 


“The difficulty in settling the question arises from the great changes 
in the appearance of a lunar object under varying illumination. To in- 
sure certainty in such delicate observations, comparisons must be made 
between the appearance of the object in question, as seen at precisely 
the same phase of the moon, with telescopes (and eyes, too) of equal 
power, and under substantially the same conditions in other respects, 
such as the height of the moon above the horizon and the clearness and 
steadiness of the air. It is, of course, very difficult to secure such ident- 
ity of conditions. The disputed question whether shortlived changes, 
dependent on the phase (high, low, and intermediate shades) of illum- 
ination, actually occur is obviously still more difficult to settle. No 
larger changes, such as might be caused by volcanic eruptions or land- 
slides have been detected since the advent of photography.” 

Getting back to Pickering, we must remember, however, that he was 
a specialist, trained in lunar observations. We have his counterpart to- 
day in another field, young Mr. Peltier, who is very proficient in spot- 
ting new comets so quickly. Chauvenet, in his “Manual of Spherical 
and Practical Astronomy” (1900), mentions the criterion of Prof. 
Pierce (Astronomical Journal, Cambridge, Mass., Vol. 11, p. 161) for 
the rejection of doubtful observations ; it is proposed to determine in a 
series of M observations the limit of error, beyond which all observa- 
tions involving so great an error may be rejected, provided there are as 
many as N such observations. How far could Pickering and others 
follow this rule and still stick to those absolutely like conditions so vital 
when delicate comparisons of this nature are being made? Well, did a 
snow storm really occur in Pico and could Pickering or anybody else 
see an actual snow storm? With no air, no blowing winds, no atmos- 
phere, would visible snow storms or clouds be a possibility ? Were those 
observers deceived and if so, how? 

The eye is a most adaptable organ. Distinction of vision varies with 
different parts of the retina. For example, as you go or turn from a 
bright light into darkness, the vision is quite bad at first ; improvement 
takes place rapidly. The eye has the power to adapt itself to cor- 
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respond with variations in the intensity of illumination; this construc- 
tion of the eye permits necessary correction so that the eye itself (and 
our bodies) will be protected during the usual course of conditions as 
we find them at night or in the daytime. If you look up into the blue 
sky a number of minute specks move in front of the eye. These specks 
are the blood corpuscles moving in the smallest blood vessels of the 
retina. If the heartbeat is increased by exercise, the corpuscles will 
move faster, and the specks will move faster, too. Bright lights seen at 
night may appear to be surrounded by areas of color-tints of blue in- 
side and red on the outside: These are due to the tissue of the lens— 
such tissues are ordinarily not seen. It is well to recall that various 
parts of the retina vary with high, low or medium shades of illumina- 
tion. The eye is most sensitive, indeed. 


3ell, in “The Telescope,” first edition, 1922, p. 271, offers a bit of 
excellent advice, viz.: “It would be an exceedingly good thing if every- 
one who uses his telescope had the advantage of at least a brief course 
in microscopy, whereby he would gain very much in the practical un- 
derstanding of resolving power, seeing conditions, and the interpreta- 
tion of the image. The principles regarding these matters are in fact 
very much the same with the two great instruments of research. . . It 
is a perfectly easy matter to make beautifully distinct detail quite vanish 
(or distort it minutely) from a microscopic image merely by misman- 
agement of the illumination, just as unsteady (slight or great) atmos- 
phere will produce substantially the same effect in the telescopic image.” 
On page 273 and 274 Bell explains the reduction of ocular aperture 
upon acuity, and the resolving power of the eye, indicating that people 
will differ considerably in acuity, some being to a very fine degree far 
less keen sighted. In others, the difference may be relatively small. In 
making comparisons of lunar studies, the individual eye of each ob- 
server is seen to play no small part. 

Some magnificent photographs of the moon have been taken and 
studied with complementary visual observzctions. The great majority of 
astronomers, among whom we find many with the necessary train- 
ing to observe compare, and correlate the facts, say that, in attempting 
to solve this disputed problem, they have never seen evidence of snow, 
ice, frost, or vegetation. What, then, might cause any disturbance that 
would be visual—if that point could be conceded. A variation in re- 
flected light could be revealed in a telescope if that light were agitated 
or modified so as to be noticeable. For one thing, let us think about 
swarms of falling meteors: If they are pelting a substance such as 
fine, powdered white dust resembling snow, would sheets of these drop- 
ping stones, dashing as they do in a hail storm on earth, sometimes thick 
in volume, cause a surface change that, in the sunlight, would be 
visible? It would seem plausible that someone would, over a long period, 
have been fortunate enough to see (or perhaps photograph) a large 
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enough meteor strike the moon, that is, observe a flash at impact or 
perhaps catch a glimpse of moving calcium dust. Let us see about that. 


Walter H. Haas prepared a report on approximately 7,000 lunar 
observations made by himself and colleagues between May, 1935, and 
June, 1941. (See The Journal of the Royal Astronomical Society of 
Canada for July-August, 1942, p. 237.) He lists a table of observers, 
location, and type of telescope used. Obviously conditions could not 
come within that sphere of exact requirements needed to overshadow 
any doubt so far as seeing snow on the moon is concerned. There is much 
worthwhile information in the detailed record; but, as the author states, 
he, himself, made the great majority of the 7,000 observations and he 
does not say that he saw any snow. In fact, he quite freely comments 
(at p. 263), “In 1939, I examined the region of the ‘snow storm’ be- 
tween 37° and 131° on twenty-five dates; I detected a sinuous narrow 
bright streak running from the northeast spot, but my streak did not 
much resemble the broad and hazy band depicted by the two earlier ob- 
servers. It appears likely that the ‘snow storm’ was very inconspicuous 
in 1938-9; this opinion is somewhat supported ‘by the irregular be- 
haviour on which Pickering and Rawstron commented of some of the 
Pico spots.” Haas referred to the possibility of meteors on the moon. 
In Notes and Queries, under “Meteors on the Moon” (The Journal, 
R.A.S. of C., May-June, 1943, p. 216) the editor of the Journal writes, 
in discussing Haas’ article previously quoted, ““No clear evidence that 
such (meteors) had ever been seen was available.” And immediately 
following that remark, the editor quotes a letter from Dorrit Hoffleit 
of Harvard University who told of her four observing hours (in 1934 
and 1936) trying to see lunar meteors, but nothing came of it: The 
seeing conditions were not entirely suitable. E. K. White, during the 
lunar eclipse of February 19-20, 1943, sensed the possibility of seeing 
a lunar meteor: He wrote to the Journal (March, 1943, p. 127), “A 
careful study was made, but none were seen.” While we can’t see these 
meteors striking the moon, the results of their impacts have led to many 
conjectures. In one of the “Harvard Books on Astronomy” the author 
furnishes some interesting views (see “Earth, Moon, and Planets” by 
Fred L. Whipple, 1941, pages 139 to.153). The author states at p. 
153, “The moon’s surface, therefore, is covered with some insulating 
material, pulverized rock, dust or some porous material such as pumice 
or volcanic ash.” 

As Sir Henry Roscoe, sixty years back reminded us, (“Spectrum 
Analysis,” 1885, p. 306), the moon, shining by borrowed light, does 
not reveal to the spectroscope the material composition of that body. 
Nor can we prove, by the spectroscope, that calcium, water, or snow 
is present on the moon. So long as we have to pursue our lunar 
studies through the earth’s atmosphere, and look at a body illuminated 
by light from a star, proof by such a method hangs in the balance. The 
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matter of changes, say in color, shadows, formations, etc., and other 
references mentioned herein, are incidental to the treatment of the 
topic. An evaluation of what the record shows about snow is the upper- 
most idea. Generally the belief is held that where changing appear- 
ances seem to occur on the moon, it is near the full phase (when the 
temperature is above freezing) ; but at that time or any time, we can 
never find regular and uninterrupted like observing conditions, suf- 
ficient to substantiate definite, final, and proved conclusions, other than 
those based entirely on theoretical considerations. Preponderance of 
opinion, a most important and controlling factor, seems to be the only 
answer for today. 

The writer does not contend that reduction of his own observations 
at various times would be of any greater value than those of others, 
principally because of atmospheric conditions that plague the astron- 
omer in Pittsburgh. He is firmly convinced, however, (and expresses 
it as his own opinion) after a long and careful analysis of the subject 
as reviewed in this paper, using data taken from many other books, 
voluminous correspondence and papers, not quoted, and from his fre- 
quent conversations with both professional and amateur astronomers, 
that snow cannot and does not exist on the moon. 

VALLEY View OBseERVATORY, PITTSBURGH, PA., NoveMBER 10, 1945. 





The Exploration of Space* 


By DR. EDWIN P. HUBBLE 


Desiring to give those of our readers who may not have heard the 
broadcast the opportunity of reading so clear a statement of such a large 
phase of astronomical research by so eminent an authority, we asked 
and were readily granted permission to reprint the text. Possibly those 
who did hear the broadcast will, like ourselves, welcome the privilege 
of reading and studying it at leisure. We, therefore, present it here 
with much satisfaction. Eptror. 


Astronomy is the study of the universe—the study of its structure 
and its behavior. From our home on the earth we look out into the dim 
distances, and we strive to imagine the sort of world into which we 
are born. We are confined to the earth. Our knowledge of outer space 
is derived from light waves and other radiations which come flooding 
in from all directions. 

From time immemorial men studied the heavens with their unaided 
eyes. Finally, about three centuries ago, the telescope was invented. 
With the growth and development of these giant eyes, the exploration 





*One of a series, delivered by American scientists, on the New York Phil- 
harmonic-Symphony program, sponsored by United States Rubber Company. Re- 
printed by permission of the United States Rubber Company. 
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of space has swept outward in great waves. Today we explore with a 
telescope 100 inches—-more than 8 feet—in diameter. It has the light 
gathering power of more than 200,000 human eyes. We observe a 
volume of space so vast that it may be a fair sample of the universe it- 
self. Men are already attempting to infer the nature of the universe 
from a study of this sample. 

The explorations fall into three phases. The first phase led long ago 
to a picture of the solar system—the sun with its family of planets, 
including the earth, isolated and lonely in space. 

Then, after several centuries had passed, a picture of a stellar system 
began to emerge. This was the second phase. The sun was found to be 
merely a star, one of several thousand million stars which, together, 
form our stellar system—a swarm of stars drifting through space as a 
swarm of bees drifts through the air. 

From our position within the system, we look out through the swarm 
of stars, past the boundaries, into the universe beyond. The conquest of 
this outer space is the third, and most recent, phase of the explorations. 

The outer regions are empty for the most part. But, here and there, 
scattered at immense intervals, we now recognize other stellar systems, 
comparable with our own. These stellar systems, these lonely drifting 
swarms of stars, are the true inhabitants of the universe. 

They are so remote that, in general, we cannot distinguish their in- 
dividual stars; the swarms appear merely as vague, cloudy patches of 
light, and were called by the name “nebulae,” the Latin word for 
“clouds.” 

A few of the nebulae appear large and bright; these are the nearest 
swarms. Then we find them smaller and fainter, in constantly increasing 
numbers, and we know that we are reaching out into space farther and 
ever farther until, with the faintest nebulae that can be detected with 
the greatest telescope, we reach the frontiers of the Observable Region. 


This glimpse of space, thinly populated by drifting swarms of stars, 
has been revealed by great telescopes, and in particular by the greatest 
of all those in actual operation, the 100-inch reflector of the Mount 
Wilson Observatory. It was the 100-inch that first detected individual 
stars in a few of the nearest nebulae, and identified among them several 
types of stars that are well known in our own system. Since the real 
brightness, or candle-power, of such stars had already been measured 
in our own system, their apparent faintness indicated their distances 
and, consequently, the distances of the nebulae in which they lay. 

Once the essential clue of the distances was found, the mystery of 
the nebulae was quickly solved. They are, in fact, huge stellar systems, 
like our own system, and they appear small and faint only because they 
are vastly remote. 

Some nebulae are giant systems and some are dwarf, but the range 
in candle-power is not great. For statistical purposes, they can all be 
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considered as equally luminous. Therefore, their distances are correct- 
ly indicated by their apparent faintness. This property has been used 
to survey accurately the whole of the Observable Region out as far as 
telescopes can reach. 

The scale of the survey is so immense that a special unit of distance 
is employed in the reports. This unit is the light year—namely, the 
distance light travels in a year going at the rate of 186,000 miles each 
second. The number of miles in a light year is six million million—in 
other words, six followed by 12 ciphers. Light reaches the earth from 
the moon in about one and one-third seconds, from the sun in about 
eight minutes, and from the nearest star in about four and one-half 
years. This last figure is typical. The average distance between neigh- 
boring stars in our system is several light years. The diameter of our 
system (which is one of the giant nebulae) is about 100,000 light years. 

The faintest nebulae that can be detected with the greatest telescope 
are, on the average, about 500 million light years away. We intercept 
and photograph today the light which left these stellar systems far 
back in a remote geological age. This light has been sweeping through 
space for millions of centuries at the speed of 186,000 miles each second. 
Truly, as we look out into space, we look back into time. 

With the largest telescope, we can look out into space about 500 
million light years in all directions. Thus, the Observable Region is a 
vast sphere, about 1000 million light years in diameter, with the ob- 
server at the center. Throughout this sphere are scattered about 100 
million nebulae, each a stellar system at some stage of its evolution his- 
tory. These nebulae average about 10,000 light years in diameter and 
about 100 million times the brightness of the sun. The average distance 
between neighboring nebulae is about two million light years. 

A rough model of the Observable Region might be represented as 
follows. Assume that the sphere, 1000 million light years across, is 
reduced to a sphere with a diameter of one mile and a half. Then the 
100 million nebulae are reduced to the size of golf balls, and they are 
scattered through the sphere at average intervals of about 30 feet. On 


‘this scale, the earth could not be seen with a microscope, not even with 


an electron microscope. 

The nebulae are scattered singly, in groups, and even in clusters, but 
this irregularity is a minor detail. When very large volumes of space 
are compared, they are found to be remarkably alike. On the grand 
scale, the Observable Region is very much the same everywhere and in 
all directions—in other words, it is homogeneous. 

This feature could not be predicted. It is the first characteristic 
definitely established for our sample of the Universe. 

Only one other general feature has been found. Light reaching us 
from the nebulae has lost energy in proportion to the distance it has 
traveled. The fact is established, but the explanation is still uncertain. 
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The problem, thus posed, which involves the possibility of an expand- 
ing universe, makes an exciting story in itself. It is mentioned now 
merely to complete the description of the Observable Region as known 
today. 

To summarize; the explorations of space have swept outward in 
three waves—through the system of the planets, through the stellar 
system, into the realm of the nebulae. In the first phase, the earth was 
found to be one of the family of planets which circle the sun. In the 
second phase, the sun was found to be one of the millions of stars which 
make up our stellar system. In the third phase, our stellar system was 
found to be one of the millions of nebulae which are scattered rather 
evenly through the region of space that can be observed with telescopes. 


The next step involves some guesswork. We suppose that the region 
we have explored is like any other large region of space—that the Ob- 
servable Region is a fair sample of the universe. With the aid of this 
assumption, we may discuss the universe on the basis of factual knowl- 
edge. Men are already assembling the types of possible universes which 
are consistent with the known facts. As more facts are discovered, the 
number of such universes will steadily decrease. Thus, step by step, 
we may hope to whittle down the possibilities, and finally recognize the 
universe we actually inhabit. 


The venture stirs the imagination profoundly. It has become feasibie 
only in our generation. With the aid of great telescopes we have at last 
won our way beyond the stars of our own system, out into the very 
depths of space. 


The explorations will continue. Still greater telescopes will be put 


into operation. And slowly, as the darkness recedes, the universe will 
loom forth. 





Soviet Meteorite Collection* 
By A. SCHLEIMAN 


In January this year the Academy of Sciences Committee on Meteor- 
tes held its first post-war meeting. Academician Vassily Fesenkov, its 
chairman and a well-known astro-physicist, gave me the following in- 
formation : 


A hundred and fifty years ago a Russian scholar and traveller, Pallas, 
returned to St. Petersburg from Siberia and brought with him a huge 
piece of iron stone that he had found on the banks of the River Yenisei. 
This stone, later known as the “Pallas iron,’ was the first Russian 
meteorite, and started the collection we now have in Moscow. The pres- 


*Transmitted by the Soviet News Press Service, 518 Grand Buildings, Tra- 
falgar Square, London, W.C.2. 
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ent collection owned by the Academy of Sciences consists of 1,200 
samples. 

The biggest of these pieces of Pallas iron weighs nearly 11 cwt., and 
the smallest less than a gram. The number of specimens and especially 
the number of rare stones makes the Academy’s collection the best in 
the U.S.S.R. 

Although Russian scientists have been collecting and studying 
meteorites for a long time, the work was given an organized form only 
after the inception of Soviet power when the Meteorite Department of 
Lomonosov Mineralogical Museum was opened in Leningrad in 1921 
on the initiative of the late Academician Vernadsky. In 1935 the De- 
partment was reorganized as a Meteorite Commission and in 1939 be- 
came the present Meteorite Committee of the Academy of Sciences. 

The participation of many leading scientists in the work of the Com- 
mittee and more than 1,000 corresponding observers who work with 
it shows how seriously meteorites are studied in our country. 

Between 1927 and the outbreak of war many expeditions visited dis- 
tant parts of the country to collect material on the circumstances of the 
fall of meteorites; in some cases these expeditions were able to obtain 
information on the movement of meteorites through the earth’s atmos- 
phere and to establish certain elements of their orbits. Especially inter- 
esting material was collected on the famous Tungus meteorite which 
fell on 30 June, 1908, in the Siberian taiga near the river Podkamen- 
naya Tunguska. 


An expedition under the leadership of Leonid Kulik was able to 
establish with complete certainty the place where the giant meteorite 
fell; this circumstance was reported at the time in the world’s press. 
Aerial photographs of the whole region in which the Tungus meteorite 
fell showed that trees had been felled radially from the centre up to a 
distance of 30 miles. 


Academician Fesenkov then told me about the new work which Soviet 
scientists are undertaking in this field. Professor Peter Chervinsky has 
done considerable research into the chemical and mineral content of 
meteorite stones. Nikolai Akulov, a member of the Byelorussian Acad- 
emy of Sciences in collaboration with Professor Briukhatov, studied the 
magnetic properties of the Boguslavka meteorite and arrived at the con- 
clusion that it is mono-crystal. A young scientist named Krinov has 
studied the reflection of the properties of 40 meteorite stones. 


At the Committee’s latest meeting, Academician Zavaritsky informed 
members that he had discovered the nature of what was formerly a 
puzzling change in the structure of some meteorite stones. According 
to the report delivered by Kvasha on the peculiar Oll Boriskino meteor- 
ite, which he has studied, it contains a number of minerals not usually 
found in such stones, calcium for example. 

Many years of research and calculation have led Academician Fesen- 
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kov to draw the following conclusions: Firstly, cosmic or meteor matter 
which falls to earth in the form of meteors or meteorites exists in the 
solar system and separate bodies of it are moving at elliptical speeds. 
Secondly, this matter is constantly being increased by the pulverization 
and splitting of asteroids. Thirdly, contrary to existing theories, cosmic 
matter could never at any time have been gathered into the solar system 
in the form of some sort of cosmic cloud. Fourthly, with the exception 
of a very small number of meteors and meteorites falling into the solar 
system from the inter-stellar space, this matter cannot be retained in 
our system. 

The general conclusion he arrived at led him to conceive the hy- 
pothesis that meteorites that fall on earth are of solar origin. 
* In conclusion Academician Fesenkov mentioned the committee’s 
future plans. He said: 


‘We have already begun cataloguing 30 meteorite collections in the 
Soviet Union, and a catalogue will be published of the Academy col- 
lection. Another expedition will search the site where the Tungus 
meteorite fell and geodesic methods will be used in the search for the 
fragments. On the island of Saarema in the Esthonian Soviet Republic, 
where the only meteorite craters in Europe are to be found, we are 
establishing a preserve and a museum. Our plans include the opening 
of an Academy of Sciences Meteorite Museum with special labora- 
tories in Moscow. 

“The most important thing of all,” continued the Academician, “is 
that an all round study of the meteorites will be made by chemists, 
mineralogists, physicists, and astronomers working in collaboration with 
scientists drawn from scientific institutions from all over the country.” 





The Planets in May, 1946 


By LELAND E. CUNNINGHAM 


Nore: The time employed is Central Standard Time unless otherwise indi- 
cated. The phenomena have been chosen and described for the North American 
continent, and especially for the United States. The basic data have been taken 
principally from the American Ephemeris and Nautical Almanac. 

Sun. The sun will move slowly northward throughout May, and will be 
within two degrees of its northernmost declination by the end of the month. A 
partial eclipse of the sun on May 30 will be visible only in or near the South 
Pacific ocean. 


Moon. The phases of the moon will occur as follows: 


CST. 
New Moon May 1 7 A.M. 
First Quarter 7 11 P.M. 
Full Moon 15 9 P.M. 
Last Quarter’ 23 10 p.m. 


New Moon 30 3-p.M. 
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Evening and Morning Stars. The only morning star. will be Mercury, which 
may be seen low in the east just before sunrise during the first few days of the 
month, Throughout May the evening stars will be Venus, Saturn, Mars, and Jupi- 
ter, in the order of their relative distances east of the sun. Venus will be a brilliant 
object low in the western twilight, while Jupiter will be visible nearly all night; 
Saturn and Mars will be well past the meridian at dusk. 

Mercury. At the beginning of the month Mercury will be more than one and 
one-half hours west of the sun, but some twelve degrees farther south, so that 
it will not be too well placed for observation in the northern hemisphere. It will 
move rapidly eastward throughout the month, and will overtake the sun on the 
3lst, at which time it will be in superior conjunction. with the sun, that is, it will 
be nearly in line with the sun and earth, and beyond the sun. 


Venus. Throughout the month Venus will continue to move eastward a little 
faster than the sun, and by the end of the month will set more than two hours 
later than it. 


Mars. Mars will move eastward across Cancer, but more slowly than the 
sun, and so will set earlier each night. Its brightness will have decreased to 
magnitude +1.5 by the end of the month. 


Jupiter. Jupiter will continue its retrograde motion in Virgo about five de- 
grees north of Spica. On the evening of May 12 the moon, Jupiter, and Spica 
will be in a line and only a few degrees apart. The four Galilean satellites will 
continue to be interesting objects to watch in small telescopes. On the night of 
May 1-2 these satellites will appear as two double stars east of the planet; and 
on the night of May 25-26 three of them will be closely bunched to the west of 
the planet. 

Saturn. Saturn will continue its slow eastward motion in Gemini some ten 
degrees south of Castor and Pollux, the twins. It will be too far west for good 
telescopic observation. 

Uranus. Uranus will remain in Taurus, where it will be too close to the sun 
for observation. 

Neptune. Neptune will continue its slow retrograde motion in a sparse region 
of Virgo. 

It would be appreciated, if readers would indicate the features they find use- 
ful in these notes, and would suggest additional ones to be included. 

Berkeley, California, March 9, 1946. 





Occultation Predictions for May, 1946 


The quantities in the columns a and b are given for the purpose of making 
these predictions useful for any place within 200 miles of the point indicated. 
The procedure is as follows: Subtract the longitude of the point given from 
the longitude of the place in question; multiply the result in degrees, taking the 
signs into account, by the quantity under a for the star to be observed; similarly, 
with the latitude, using b; apply the sum of the products, with its proper sign, to 
the Greenwich C.T., and obtain the predicted Greenwich Civil Time for the phe- 
nomenon at the place of observation. To obtain Eastern Standard Time it is 
necessary to subtract five hours; Central Standard Time, six hours, etc. 
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(Taken from the American Ephemeris) 


IMMERSION EMERSION 

Green- Angle E Green- Angle E 
Date wich from wich from 
1946 Star Mag. C.T. a b N Cz. a b 6N 


OccuLTATIONS VISIBLE IN LonGiTUDE +72° 30’, LatitupE +42° 30’ 





May » BD+12°2284 64 0299 —31 +15 69 119.1 —0.1 —3.8 354 

» Virg 42 0 36 —06 —29 171 1 25 —28 +08 259 

13 65 Virg 59 6 02 —06 —27 163 6 52.5 —1.0 —1.2 255 

13 66 Virg 58 7 123 os - 193 7 25.4 —1.4 +26 217 

14 95 Virg 55 430.2 —22 —0.7 93 5 43.8 —1.1 —23 330 

17 » Ophi 46 7585 —1.7 —0.2 55 8 54.3 —16 —2.7 330 
OccuLTATIONS VISIBLE IN LonGiTUDE +91° 0’, LatirupE +40° 0’ 

May 2 : Gemi 6.1 1 586 —05 —14 99 2 57.3 —0.2 —1.1 270 

9Gemi 63 2 320 +07 —3.6 155 3 0.2 —1.1 +1.0 214 

3 BD+12°2284 6.4 23 45.8 —1.7 +03 105 170 —16 —1.5 315 

14 95 Virg 5.5 355.2 —1.6 —08 128 § 219 —18 —1.3 303 

17 » Ophi 46 715.2 —27 +04 72 8 283 —18 —2.1 326 

18 191 B.Ophi 63 9 87 —21 —2.0 142 10103 —1.4 0.0 232 

18 b Ophi 43 9475 —2.0 —14 113 11 66 —1.1 —09 256 

23 154 B.Capr 61 10 133 —1.5 +21 30 1121.8 —26 —0.2 284 


OccuLTATIONS VISIBLE IN LonGituDE +120° 0’, LatirupE +36° 0’ 
May 4 108 Taur 62 325.1 +0.2 —28 136 4 32 —08 +07 219 


9 42Leon 61 7 32.7 —17 +0. 56 8 2.1 +09 —3.6 354 
14 «x Virg 43 8 370 —0.9 —3.0 168 9 348 —2.0 —0.7 253 
17 » Ophi 46 613.22 —1.1 —0.1 124 7 369 —2.0 0.0 288 
18 b Ophi 43 8 50.2 —1.7 —08 133 10143 —2.7 +0.1 257 
20 y Setr 49 11 60 —25 +13 52 12 26.1 —27 —1.4 298 
23 154 B.Capr 6.1 9214 —1.1 425 40 1021.2 —1.2 +06 292 
24 69 Agar 5.8 12 48 —1.6 +16 64 13 27.7 —19 +1.3 241 
OccuLTATIONS VISIBLE IN LONGITUDE +98° 0’, LatitupE +-30° 0’* 

May 5 8Gemi 61 2158 +01 —29 141 2 58.6 —1.1 +0.5 229 
9 BD+12°2284 64 23 41.1 —14 —18 147 0 58.5 —2.7 +0.5 272 
14 95 Virg 55 4 34 —04 —28 170 5 120 —3.4 +0.1 267 
14 « Virg 43 9169 —09 —3.1 161 10 63 —06 —0.3 247 
15 22 B.Libr 64 0281 —04 41.2 87 1 223 0.0 —1.2 333 
17 » Ophi 46 6545 —26 —0.2 102 8 31.7 —2.4 —15 302 
18 b Ophi 43 9 48.3 —2.5 —2.1 132 11 26 —14 +0.1 239 
18 51 Ophi 49 12557 —04 —04 69 13 580 —04 —1.5 289 
20 ¥ Sgtrm 49 11 53.2 —20 —04 80 1317.1 —1.1 —0O5 255 
23 154 B.Capr 61 9 398 —18 421 47 11 17 —26 +05 271 


*Computed by Edgar W. Woolard and Paul Herget; communicated by Com- 
modore J. F. Hellweg, Superintendent U.S. Naval Observatory. 





Asteroid Notes 


By HUGH S. RICE 


While waiting for brighter minor planets to appear in the sky later in the 
year, we are continuing here the ephemerides of JuNo and Ir1s, and are giving 
the places of two new ones, HERCULINA and VICTorRIA, 


Just before 0 U.T., April 20, JuNo is in conjunction with the star Zeta Vir- 
ginis, the planet being 1°49’ north of the star. JuNo is now beginning to get 
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fainter (or will soon) as it passes the maximum of about 9.2 magnitude (visual) 
around opposition, April 16, 

IRIs is in southern Ophiuchus, at approximately magnitude 10, and becoming 
brighter. It comes to opposition June 1. 

HERCULINA is in Serpens Cauda, near the Scutum boundary. The magnitude 
is likely little better than 10, if as bright, but it is getting better, and it comes 
to opposition June 19, 

Victoria is in Sagittarius, the magnitude about 10 but increasing to its maxi- 
mum about July 1 or before, and the opposition date is June 29. 


ASTEROID EPHEMERIDES 
For 0° U.T. Equinox of Date 


3 JuNo 7 Iris 
a 6 a 6 
1946 ee ees 1946 > ae 
April 25 13 28.8 +2 2 April 25 yy 3 —24 59 
30 13 25:2 + 2 30 30 17 3.0 —24 52 
May 5 13 21.8 + 255 May 5 17 0.0 —24 43 
10 13 18.8 + 315 10 16 56.4 —24 33 
15 13 16.2 + 3 31 15 16 52.2 —24 20 
20 13 14.0 + 3 42 20 16 47.6 —24 6 
532 HERCULINA 12 VIcTORIA 
a 6 a 6 
1946 bh m ° , 1946 bh m ° ’ 
April 15 18 12.9 —10 37 April 25 18 36.0 —19 50 
20 18 14.6 —10 36 30 18 40.5 —19 12 
25 18 15.6 —10 37 May 5 18 44.2 —18 33 
30 18 15.9 —10 39 10 18 47.1 —17 52 
May 5 18 15.5 —10 44 15 18 49.1 —17 9 
10 18 14.3 —10 50 20 18 50.3 —16 26 
15 18 12.5 —l1 0 
20 18 10.0 —11 12 


Hayden Planetarium, American Museum of Natural History, 
New York, N. Y., March 21, 1946. 





Contributions of the 
Society for Research on Meteorites 


Edited by FREDERICK C. LEONARD 
Department of Astronomy, University of California, Los Angeles 24 


The Fall of the Pantar, Lanao, Philippine Islands, Aerolites* 


H. J. Derrick 
Route 1, Box 24, Dundee, Oregon 
Communicated, with an Introduction, by H. H. Nininger 


INTRODUCTION 
I have known the writer of the following account since we were boys on 
the farm in Oklahoma. Mr. Detrick is a college-trained man of very wide ex- 


*[Reference should be made to a paper by H. H. Nininger on “The Pantar, 
Lanao, Philippine Islands, Meteorite,” in C.S.R.M., 2, 61-3; P.A., 46, 578-80, 
1938. The coordinate number of this fall is 7243,081.—Eb.] 
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perience as an executive in the educational and governmental work of the Philip- 
pine Islands, where he spent 37 years, 

It is only fair to say that Mr. Detrick is not a research worker in meteoritics, 
and, while this account records his only experience with falling meteorites, it 
was, I dare say, one of the best opportunities ever afforded a man of culture for 
making a first-hand study of such phenomena. After going over his extensive 
notes on, and maps of, this fall (concerning which the following account is but 
a brief narrative), I am convinced that every item contained in the account should 
be given most careful consideration by all students of meteorites. 

H. H. NIntNGER 





ABSTRACT 
This paper contains a brief, first-hand account of the several phenomena that 
attended the fall of the Pantar, Lanao, Philippine Islands, aerolites on 1938 June 
16, at 8:45 a.m. 


One clear beautiful sunny morning, 1938 June 16, when the upland rice was 
standing lush and green and about 6 inches high, on the rolling hills of Lanao, 
on Mindanao Island, the people of the province went about their affairs as usual. 
Storekeepers opened their doors and began their exchange of goods for money 
across the counters; housewives sent their cooks to the marketplace; school 
children and high-school students scurried off to class rooms; office workers 
were busy at their desks; native Moro farmers in their gay, yellow and magenta 
tabaos (headdresses) and their work clothes, black sarongs, were removing the 
grass and weeds with their parangs (a kind of bolo for farm work) from their 
rice fields. 

In Camp Keithley, the members of the graduating class of trainee officers 
were attending their graduating exercises in the open, in the middle of the 
spacious Camp Keithley plaza. The local padre, Father Reith, was holding forth 
at Mass, when, all of a sudden, at 8:45 o’clock, his sonorous voice was drowned 
out by noises from on high—noises that sounded like explosions from the exhaust 
of an airplane—but the source remained obscure for 1 or 2 minutes, when Major 
Dumloo discovered the object coming in from almost due east. All eyes in the 
Keithley group were turned upon this non-terrestrial object, for at least another 
2 minutes, as it sped on in its course, emitting continuously ringlets of smoke; 
then, when a few degrees west of north of Dansalan (horizontal distance, 9 km.; 
elevation above sea-level, 20 km.), the career of the celestial object ended in awful 
violence, with terrific explosions and thunderous vibrations that caused rattling of 
doors and windows thruout the town and countryside; a huge gray-and-black 
cloud, filled with bursts of flame, formed and spread out as a result of the mighty 
explosions; and this cloud persisted for more than 30 minutes. 

\t first this heavenly phenomenon caused office workers, students, and teach- 
ers to peer out of doors and windows for thunderheads, but no thunderheads 
were in evidence anywhere; besides, 8:45 A.M. was too early for the daily tropical 
showers. Crowds began to gather on lawns, on the sidewalks, and in the streets 
of towns and villages scattered over an area of more than 38,000 square kins. 
Those who were in the open when they heard the explosions searched the heavens 
and noted the bright glow high in the air, at an ever-so-much-greater height than 


even cumulus clouds, and witnessed the curious ringlets of smoke form before 
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the final violent explosions occurred. Many wondered; some said, “It’s target 
practice of the U.S. Pacific Fleet down at Pollock Harbor, some 65 miles to the 
south of Dansalan.” Others said, “That’s impossible; navy shells can’t travel 
that far!” Some declared that they saw 2 airplanes collide and explode up 
there in the air and fall to the Earth; many of the natives were sure that the 
end of the world was at hand; and there were many mothers who gathered their 
children together for safety and the last embrace! One professional photographer 
and the chaplain of the army were present with their cameras (the chaplain had 
his “cine,” but forgot to use it), and they obtained wonderfully clear snapshots 
of the meteor at the instant of the explosions, including in the field of view of the 
pictures some of the smoke ringlets that preceded the final bursts. 

Down at Pantar, 9 km. north of Dansalan and immediately beneath those 
mighty blasts, several scores of Moros (Mohammedans) were weeding their tiny 
rice fields; they, too, noted the smoke ringlets in the path of the celestial visitor 
and the constant sputtering, as well as the “huge burning cloud” that resulted 
from its violent “death” at the end of a long journey—perhaps ages in duration. 
But these Moros, fortunately located, witnessed much more than the ringlets and 
the huge cloud; they ‘saw numbers of fiery objects with tails of smoke shooting 
out from the cloud during the terrific blasts; they noted that the fiery dots with 
tails quickly disappeared when at a very short distance from the cloud; a few 
seconds later they noted also the falling of many small objects seen; 16 of these 
objects were later recovered, the depths to which they entered the ground vary- 
ing from just under the surface to 20 inches. This deepest one was observed to 
fall in a group with 4 other fragments, by 2 Moros; it was recovered at a dis- 
tance of 10 steps from the spot where they stood and it was still warm, smelling 
like burned gunpowder. 

Several galvanized-iron-roofed houses of these Moros were in the zone where 
small objects, “as big as eprn and rice grains,” fell by the thousands in a great 
shower—the pattering sounding like hail! A few of these Moros observed a 
large silvery-white object, of about the apparent size of the Moon, shoot out 
toward the north at the time of the explosions. These fellows noted that this 
object made a continuous swishing sound instead of the crackling noises which 
it made while scurrying along its path; they observed also that it was followed 
by a continuous smoke streamer, “as large as the sinoke from a ship’s funnel,” 
instead of by the ringlets of smoke along the path. Several persons in Dansalan 
also noted those smoking dots shoot out of the cloud at the moment of the ex- 
plosions. Some of the more imaginative Moros were quite certain that this 
bursting object was “a bomb fired at the Philippines by either Italy or Germany”— 
not such a poor guess at that, in consideration of the present and future develop- 
ment of the rocket bombs! 


Further Remarks on the Puente-Ladron, New Mexico, Aerolite 
Ciaupe H,. Smit 
13-55 Bradford Street, Geneva, New York 
ABSTRACT 

The facts are against the possibility that the 7.7-gram Puente-Ladron, New 
Mexico, aerolite, was carried into the area of its find by Indians and there dis- 
carded or lost; accordingly, every effort should be made to search the region 

carefully for other possible members of the fall. 
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A 7.7-gram aerolite, named Puente-Ladron, Socorro County, New Mexico; 
coordinate number = 1068,344, found near the intersection of U. S. Highway No. 
85 and the Rio Puerco, was described in 1944; an account of the discovery of 
the aerolite was given and an invitation was extended by the finder to all mem- 
bers of the Society for Research on Meteorites to participate in a search for 
additional fragments of the fall.1 In a later article, it was stated that “Unless 
it can be shown that the aerolite in question was not transported into this area 
[the strip of country along the Rio Puerco] by an Indian and there discarded or 
lost, an all-out search of the Puente-Ladron area for other members of the 
shower to which it has been conjectured the stone belongs does not seem justi- 
fied.”’2 


It is an accepted fact that the finding of a new stony meteorite, by a student 
of meteorites, is well-nigh unique in the annals of meteoritics. Ever since records 
began to be kept, of meteorite falls and finds, it has been established that, unless 
a meteorite has been actually seen to strike the ground, it has been kept and pre- 
served more because of its greater weight and its appearance, in contrast to that 
of other surface rocks, than for any other reason. Even stony meteorites on the 
plains of the Midwest, where, in certain sections, stones of any kind are unusual, 
have not been reported unless the interest factor has been present. Certainly there 
is no more reason for an Indian to keep a meteorite than there is for a white 
man! True, an Indian might have seen this small aerolite strike the ground and 
preserved it for this reason and later have discarded or lost it in this region. This 
possibility must, of course, be taken into consideration, but the chances that such 
was the case are very small, and it should not discourage searching the Puente- 
Ladron area. 


The aerolite itself is very small (being only about an inch in diameter) and 
was found in an area liberally sprinkled with dark pebbles. There was little about 
the stone to warrant even a closer inspection, except the interest factor. It should 
be taken into consideration alsu that the stone still retains a reasonably fresh 
appearance, giving about the same impression of age as do the stones from the 
famous shower of 1912, near Holbrook, Arizona, where the climate is about the 
same as it is in the Puente-Ladron area. It seems reasonable to assume that an 
aerolite exposed on the surface of the ground since the time when the Indians 
inhabited this region in any great numbers would be in a much more weathered 
condition than was the Puente-Ladron aerolite. 

The main facts are against the possibility that this little aerolite was carried 
into the area by Indians and there discarded or lost; accordingly, every effort 
should be made to search this region carefully for other possible members of this 
fall. I believe that other stones will be found and that these will be discovered 
within a reasonable distance of the spot where the original stone was located. 

It should not be forgotten that the very composition of stony meteorites prob- 
ably makes it impossible for them to survive the violent trip thru the atmosphere 
unbroken. Consequently, as we learn more about stony meteorites and the extent 
of their fall, we are forced to the conclusion that aerolites strike the ground in 
more or less extensive showers, and that, even tho only one individual has thus 
far been recovered, many more may have reached the ground in company with it. 
A search of the Puente-Ladron area should add to the certainty of this con- 
clusion. 
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1 Nininger, H. H., C.S.R.M., 3, 165-7; P. A., 52, 407-10, 1944. 
2La Paz, L., C.S.R.M., P. A., 54, 95-6, 1946. 


A New Meteorite Swarm and its Suspected Connection with Comet 1792 I! 


According to Circular No. 1026 of the Central Bureau of Astronomical Tele- 
grams of the International Astronomical Union, Observatory, Copenhagen, Den- 
mark, dated 1946 Jan. 24, “Dr. A. Becévar communicates: a new meteor[it]ic 
swarm was observed at the Observatory Skalnaté Pleso (Czechoslovakia), on 
1945 Dec. 22, with the radiant in UMi (a = 233° + 0°7, = +82°6 + 0°9, com- 
puted by M. Dzubak from 16 recorded paths): Duration of the shower, 16°30” 
— 20°45" U.T.; maximum, 18" 15" — 18" 25™, with the frequency of 169 meteors 
per hour. Many meteors were photographed; a precise determination of the 
radiant will then be possible. Connection with the comet 1792 II is highly pre- 
sumable. Observations from other places required.” 


Circular No. 1027, dated 1946 Feb. 4, contains the following announcement : 

“M. R. Rigollet (Paris Observatory) writes [as translated from the French] : 

“I would suggest a connection between the new meteoritic swarm observed 
at the Observatory Skalnaté Pleso (communication from Dr. A. Be¢var, Circular 
No. 1026) and Tuttle’s periodic comet (P = 13°.6). The secular diminution in 
the perihelion distance of this comet makes it seem very probable that an im- 
portant swarm will henceforth be observable at the end of December. The radi- 
ant point of this swarm, not far from that determined by M. Dzubak, is, accord- 
ing to my calculations, situated in the following position: December 19: a = 221°6, 
5 = +78°6.” 





President of the Society: Lincotn La Paz, Department of Mathematics and In- 
stitute of Meteoritics, University of New Mexico, Albuquerque 
Secretary of the Society: C. H. CLEMINSHAwW, Griffith Observatory, P. O. Box 
9866, Los Feliz Station, Los Angeles 27, California 





VARIABLE STARS 


Variable Star Notes from the 


American Association of Variable Star Observers 
By LEON CAMPBELL, Recorder 


Nova (T) Coronae Borealis: The most exciting event in variable star observ- 
ing in recent months was the apparently sudden flare-up in brightness of T Coronae 
Borealis. This is the second outburst which the star has undergone; the first 
in 1866 when it was seen by Birmingham of Taum, Ireland, on May 12. News of 
this most recent outbreak came from Yerkes Observatory on February 9, 1946, 
with the announcement that Dr. Armin Deutsch had noted the presence of the 
star while on his way home that morning, at magnitude 3.2, Later information re- 
ceived indicated that the nova had been observed a few hours earlier by Knight 
of England, magnitude 3.4. 

Special notices of the increase in brightness of this nova were sent from 
Harvard, immediately following the announcement, to several AAVSO observers, 
located at widely scattered stations. A few days later suitable charts, with com- 
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parison stars indicated to the tenth magnitude were mailed out. Harvard photo- 
graphs taken a few days preceding the outburst showed that the star was at 
normal brightness as late as February 3 (magnitude 11.2 Phtg.). Visual observa- 
tions by Peltier on the morning of February 2 showed that the star was then 
at normal magnitude of 10.0 (visual). As in the case of the recurring nova 
RS Ophiuchi, Mr. Peltier, along with others, had a strong suspicion that T Cor- 
onae Borealis would someday undergo a second outburst, and he had watched 
the star very faithfully over many years. Unfortunately, illness kept Peltier 
housed over the weekend of February 9, which prevented him from having the 
opportunity of observing the star at that time. From the morning of February 9 
to the present date—March 15—few days have passed when observations could 
not be made at one or more stations. 


Daily mean magnitudes for the days on which T Coronae Borealis has been 
observed since the second outburst are given in the following table. 


MEAN MAGNITUDES OF Nova T CoroNAE BorEALIs 1946 


p.D. No. Mean FD. No. Mean 
243 Obs. Magn. 243 Obs. Magn. 
1860.8 2 3.30 1876.7 1 8.7 
1861.9 13 3.43 1877.8 6 8.90 
1862.9 12 3.66 1880.8 7 9.07 
1863.9 15 4.21 1881.8 4 9.30 
1866.8 14 5.62 1882.8 3 9.23 
1867.8 9 6.02 1883.8 5 9.29 
1868.8 6 6.38 1885.7 1 9.3 
1869.8 4 6.92 1886.7 Z 9.30 
1870.8 7 7.40 1888.7 1 9.3 
1872.8 4 8.05 1889.9 3 9.67 
1873.8 5 8.32 1890.9 4 9.68 
1875.7 1 8.7 1891.9 Z 9.65 
1894.7 = 9.65 


From a mean magnitude of 3.3 on the morning of February 9, the star began 
a steady decline in light at the rate of about a half magnitude per day, until 
magnitude 8.5 was reached on the morning of February 22. Since that date, the 
decline has been much slower; at the rate of only a tenth of a magnitude per day. 

On the occasion of the 1866 outburst, T Coronae Borealis attained the second 
magnitude on May 12, and declined in brightness to the 8th magnitude in twelve 
days, a rate of decrease differing only slightly from the present rate. After 
the nova had then faded away to magnitude 9.6, it remained at that brightness 
for about 40 days, after which it rose slowly to the 8th magnitude early in Sep- 
tember. From then on, the nova slowly faded away to its normal minimum 
magnitude, 

Over the 80 years that have elapsed since the nova began to fade, until the 
recent outburst, it has been subject to slight fluctuations in brightness, accom- 
panied by peculiarities in spectral changes, which appeared to forecast that which 
did happen recently—another outburst. Observers should be on the lookout for 
a repetition of the 1866 secondary outburst in order that a similar behavior, if it 


does occur, does not escape detection. There are now known to exist four so- 
called recurring novae; Nova (U) Scorpii, with maxima in 1863, 1906, and 1936; 
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Nova (T) Pyxidis, 1890, 1902, 1920, and 1945; Nova (RS) Ophiuchi, 1898 and 
1933; and now Nova (T) Coronae Borealis, 1866 and 1946. 

An interval of 80 years between outbursts for Nova (T) Coronae Borealis 
is longer than for the other recurring novae, but this is not surprising, and 
although no other marked increases in brightness have been observed for this 
star during these 80 years, it is barely possible that other maxima may have 
occurred at a time when the star was in conjunction with the sun. It seems rather 
unlikely that, if the star had increased to second or third magnitude when not 
in conjunction with the sun, the event would have passed unnoticed. It is to be 
noted that T Coronae Borealis lies somewhat distant from the plane of the Milky 
Way, the usual habitat of novae. Few well-authenticated novae lie so far off; 
some 46° in the case of T Coronae Borealis. Nova Bootis 1860; Nova Comae 
1877; Nova Leonis 1918; and Nova Virginis 1871, lie in rather high galactic 
latitudes, but there is some uncertainty as to the full reality of these stars being 
classed as novae, especially in the case of Nova Virginis. None of these was too 
well observed. A prominent feature of recurring novae appears to be the short 
life of the several outbursts, the very sudden increases to maximum, and the fairly 
rapid decline to near minimum light. It may well be that other novae which dis- 
play these characteristics and have so far presented only a single maximum, will 
some day join the class of recurring novae. Nova (CP) Lacertae, 1936, and Nova 
Puppis, 1942, are two stars which might well be expected to join this particular 
class of novae. 

R Coronae Borealis: The old friend, R Coronae Borealis, located not far dis- 
tant from T Coronae Borealis, continues to behave in a very unsettled manner. 
In December last it had faded away to magnitude 9.5, and then rose steadily 
again to normal maximum brightness by the end of January. At the present time 
it is again near the eighth magnitude, still in a condition of uncertainty as to what 
it will do next. 

Three SS Cygni-type Variables: Now that observations of special variables 
have arrived from the distant observers, it is noted that SS Aurigae, U Gemin- 
orum, and SS Cygni were all at maximum early in January of this year, and of 
especial interest is the fact that all three maxima were of the long-broad type, 
and were completely observed from early attainment of maximum light, back 
to minimum. It is seldom that the above circumstances occur for all three of 
these variables. 

Observations for January and February: A total of 6,846 observations—3,385 
in January and 3,461 in February—were contributed by 59 observers, as listed 
herewith. 


January—1946—February January—1940—February 
No. No. No. No. No. No. No. No. 
Observer Var. Ests. Var. Ests. Observer Var. Ests. Var. Ests. 

Ashbrook 13 48 5 5 Cragg 86 111 91 105 
Hanon, MK. VV... .- 17 656 Escalante 23-30 Sieh kes 
Blunk 8 8 is 617 Fernald 265 524 155 242 
Boone 6 6 3 3 lower * - 6 6 
Braitberg 3 9 9 42 locas 120 332 
Buckstaff 5 5 8 8 Garneau 6 2 - E 
Chandra 117. 129 F ics Gossner os a 1 9 
Chassapis 100 155 a wees Halbach 103 128 2. 62 
Cilley s 360 49 Harris 49 50 28 «28 


Cousins 32 48 2 ze Hartman 128 140 130 146 
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January—1946—February January—1946—February 
No. No. No. No. No. No. No. No. 
Observer Var. Ests. Var. Ests. Observer Var. Ests. Var. Ests. 

Herbig Pober tei 2 24 Morris tay) hats 5 & 
Hiett eee 7; BB Nadeau 37 43 34 38 
Holt 71 132 131 306 North 4 4 ee aes 
Houston ee 2 5 Oheim 94 124 ‘ae 
Howarth sce aces 16 28 Oravec 23 =50 32 102 
Hukill 3 28 2 28 Parks a as 17. 24 
Irland Sour te Bb a Peltier 6 2 i133 Zz 
Kearons ll 11 os ae Petzold 18 19 22 46 
Kelley 4 4 4 4 Plakidis 117 394 eee 
Kelly 2 «65 12 13 Renner pie see 3435 
Kitley 16 24 25 38 Rosebrugh 14 79 18 108 
de Kock 44 320— 73 277 Sill Be aye ca 
Krumm aol tate 24 89 Stahr 4 8 4 9 
Luft 15 49 15 108 Stowe a 22 Ste | was 
Macris 6 80 en ak Taboada 49 49 33-36 
Marsh eS eee 5 5 Webb 9 9 > 8 
Mary 34. 63 33-33 Weber iy 20 20 
Mayall eer 1s 1 9 Welker rf 7 ae 
Meek ak ie 37 225 Zirin 18 25 23 627 
Memmel 1 1 — i —— — ——. 
59 Totals 3385 3461 


March 15, 1946, 


Note on Eta Carinae 

In reviewing the history of the variables 1 and 2 of the Andromeda nebula, 
I became interested in Carinae, which it seemed might be a similar object. 

With this in view, I attempted to trace the history of the star as far back 
as possible and to secure information on the color changes of the star as far as 
possible, as the best available substitute for the spectroscopic observations that 
were not made when 7 Carinae was at maximum. 

There is no evidence that the Babylonian astronomers observed 7 Carinae, 
although they observed a and 8 Centauri and Canopus, and other stars in the 
southern parts of Centaurus and Carina as faint as the third magnitude. Also 
there is no star in Ptolemy’s Catalog that can be identified as 7 Carinae. The 
conclusion is that in ancient times, 7 Carinae was fainter than the third magni- 
tude. 


During the middle ages, from the seventh to the fifteenth century, Arab 
navigators, trading with India, made regular voyages across the Indian Ocean. 
These navigators were in close touch with professional astronomers and carto- 
graphers, who supplied them with maps and tables; they used the brighter 
southern stars, particularly Canopus and a Centauri, as guide stars in navigation. 
There is no mention either of two first magnitude stars in Argo, or of a bright 
Nova in the extreme south, or of a star that can be idéntified with » Carinae in 
the extensive Arabic and Persian literature on astronomy, astrology, and naviga- 
tion. Ulugh Beg mentions no star that can be identified with » Carinae. It is 
therefore almost certain that » Carina had no spectacular maximum during the 
period of Arabian astronomy; and extremely probable that the star was fainter 
than the third magnitude during this time. 


The earliest observation of the brightness of » Carinae seems to have been that 
of Halley, who in 1677 found it to be of fourth magnitude. From what we know 
about nova-like variables, it had probably passed the naked-eye limit a few years 





befc 
1826 
mag 
whe 
mag 
a lit 
—1. 
to f 


its 1 
as i 
Ara 
of 


now 
as ; 
star 


Ma 
stat 


spe 
stre 


gal 
to | 








Comet Notes 199 








before. In 1751, La Caille found it to be of second magnitude. From 1751 to 
1826, it fluctuated between fourth and second magnitude. In 1827, it reached first 
magnitude, but dropped back again to second magnitude the following year, 
where it remained until 1834, when it began to fluctuate between first and second 
magnitude. In December, 1837, » Carinae reached zero magnitude. It soon faded 
a little, but in 1843, it reached its main maximum with an apparent magnitude of 
—1l. In 1850, it was still nearly as bright as Canopus, but shortly after it began 
to fade and in few years’ time was invisible to the naked eye. 

The material bearing on the color changes of 7 Carinae as it passed through 
its main maximum in the first part of the 19th century is not nearly as well known 
as it should be. The best collections of these observations are to be found in 
Arago’s “Popular Astronomy,” volume I, pages 258-9, and in the fourth edition 
of Chambers’ “Astronomy,” volume III, pages 47-8. Both of these works are 
now out of print. 

In 1827, Burchell used aCrucis, a white star, as a comparison star for 
» Carinae. In December, 1837, Sir John Herschel used a Centauri, a yellow star, 
as a comparison star. In 1838, Herschel used Arcturus and Aldebaran, reddish 
stars, as comparison stars. In February, 1850, Lieutenant Gilliss, chief of the 
American Astronomical expedition to Chile, stated that » Carinae was redder than 
Mars. The evidence, therefore, indicates that before 1837, » Carinae was a white 
star; but it became first yellow, then red, around January, 1838. The white color 
seems to correspond to the premaximum phase of novae, with its absorption 
spectrum; while the red color after 1837 was almost certainly caused by a very 
strong bright H-alpha line combined with a weakening continuous spectrum. 

It would be well to watch the very luminous irregular variables in extra- 
galactic systems to see whether they redden and then fade as » Carinae seems 
to have done. 

Noau W. McLeop. 

Students’ Observatory, University of California, Berkeley, California, 

March 6, 1946. 





Comet Notes 
By G. VAN BIESBROECK 


During the month of February Comet 1946a (TimMers) has been watched 
at many observatories. It has followed closely the path predicted by Cunning- 
ham’s orbit mentioned last month. On March 3 I estimated the total magnitude 
as 8.7 on the Harvard Scale and, since the comet shows a well-defined nucleus, 
it is measurable even in bright moonlight. 

On February 28 I secured a photograph reproduced herewith from a 20- 
minute exposure with the 24-inch reflector of the Yerkes Observatory. The tele- 
scope being guided for the motion of the comet the stars are stretched out in 
trails indicating the direction of that motion. It is difficult to reproduce the 
faintest features of the comet which always show better on the original plate. 
One recognizes however first a coarse tail extending to about 35’ from the nucleus. 
It points somewhat west of south in position angle 190°. On closer examination 
a second tail is noticed, fainter and narrower than the first. This second tail ex- 
tends in the position 148° east of south to a distance of about 15’ from the nucleus 
so that there is an angle of 42° beween the median lines of the two tails. One 
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Comet 1946a (TIMMERS) ON FEBRUARY 28, 1946. 


would normally expect the tail to be in the direction opposite to the sun from the 
nucleus. When the plate was exposed, this direction corresponded to position 
angle 144°. The faint narrow tail being practically in that direction is therefor: 
the normal one while the brighter and longer one is nearly at 45° from that 
direction. Such abnormal lateral tails are frequently present in comets. 

The comet will remain circumpolar and easily in reach for several months 
to come as is shown by the following ephemeris continued from last month’s : 


a 0 
1946 oo Mag. 
April 2 6 22 +77 .9 8.9 
18 6 1 80.3 9.1 
May 14 6 28 83.0 9.3 
20 8 41 85.5 » 
June 5 12 48 +-84.0 5.7 


The actual brightness may deviate appreciably from the hypothetical one 
given in the last column, The comet comes nearest to the sun on April 18 but, 
since it remains at the great distance of 1.67 times the earth’s distance from the 
sun, no great physical activity is to be anticipated. Estimates of brightness and 
of the extent of the tail will however be of interest, 

After its outburst of last January, periodic comet 19251I (ScHWASSMANN- 
WACHMANN) has dropped fapidly in brightness. On February 18 I could not 
recognize its trace on a plate showing stars down to 17th magnitude. The comet 
is moving in the western sky and will not be observable very much longer. 


Search for the expected periodic comet TEMpEL (2) which comes to peri- 
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helion next June should now be started in the latter part of the night. The fol- 
lowing ephemeris computed from the orbit by W. E. Beart and W. P. Plenderson 
(B.A.A. Handbook-1946) will locate the region: 


a 65 

1946 _ = 4 
April 2 19 38.1 —12 3 
10 Oo 2:3 11 26 

18 es 10 42 

26 20 52.7 9 52 

May 4 21 18.7 — 8 58 


The comet was last seen in 1930; it was missed at the unfavorable, returns 
of 1935 and 1941. This time the conditions are more promising and recovery is 
more probable, but after three unobserved returns the position may well deviate 
from the ephemeris. 

Williams Bay, Wis., March 12, 1940, 





Communications and Comments 
Under this heading we shall publish from time to time such material as does 
not properly fall under any of the established headings of this journal. Here, too, 
may be found, when occasion arises, articles which the editor may not be willing 
to give sanction to but which, nevertheless, may be provocative of thought along 
new lines. 


Sun-Spot Activity as Affected by Magnetic Polarity 


It has been scientifically demonstrated that sun-spots possess magnetic polar- 
ity. This discovery and the later discovery of polarity reversal will be found 
to be of great importance in predicting future activity of the sun and eventually 
may lead to an understanding of the cause of the spottedness of the sun. 

Sun-spots appear in groups. The preceding (western) spots in the group 
have one polarity; the following spots the opposite. 

In 1908 Dr. Hale of the Mount Wilson Observatory, Pasadena, California, 
demonstrated that the preceding spots of the northern hemisphere of the sun 
rotated in one direction and that the preceding spots of the southern hemisphere 
rotated in the opposite direction. This relationship is likewise true of the follow- 
ing spots in the hemispheres of the sun. In the year 1912 the then existing cycle 
was approaching its end. When the first high latitude spots of the new cycle 
were examined for polarity the astronomers on Mount Wilson were surprised 
to find these new spots possessed a reversal in magnetism from those of the old 
cycle. In the years 1922, 1933, and 1943, ushering in fresh cycles, the spots again 
showed reversal in polarity in each case from that of the immediately preceding 
cycle. 

We thus have conclusive evidence that there is a reversal of magnetic polar- 
ity of sun-spots from cycle to cycle and we are certain that the maximum of a 
cycle was preceded by a cycle having a reversed polarity and also that the next 
following cycle will have a reversed polarity. 

From what has been said it is clear that we may trace back and ascertain the 
magnetic polarity of the previous cycles whose Wolf peak maximum years are 
definitely established. It is thus definite and certain that the polarity of preceding 
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spots in the northern hemisphere of the sun existing at the time of peak maxima 
of the cycles from 1843 to 1943 are as follows: 


Wolf Yearly Peak 


Cycle Maximum Numbers Polarity 
1843-1856 1848-124 .3 Positive 
1856-1867 1860- 95.7 Negative 
1867-1879 1870-139.1 Positive 
1879-1889 1883- 63.7 Negative 
1889-1901 1893- 84.9 Positive 
1901-1913 1905- 63.5 Negative 
1913-1923 1917-103.9 Positive 
1923-1934 1928- 77.8 Negative 
1934-1943 1937-118.8 Positive 


Using the northern hemisphere of the sun as our guide the following laws 
governing sun-spot maxima are thus deduced from the foregoing facts: 


The Wolf peak maximum yearly number of a given sun-spot cycle is always 
higher or lower than the maximum of the immediately preceding cycle and 
likewise higher or lower than the maximum of the immediately following cycle, 
depending upon whether the preceding spots of the sun’s northern hemisphere are 
positive or negative in their polarity, t.e., always higher for positive polarity and 
lower for negative. 

It will be observed that the foregoing laws do not obtain for the nine cycles 
prior to 1843. The peak maximum numbers for these cycles are as follows: 
1750-83.4; 1761-85; 1769-106.1; 1778-154.4; 1787-132; 1804-47.5; 1816-45.8; 
1830-71 .0; 1837-138. 


The numbers for the century prior to 1842 do not obey the laws of magnetic 
polarity herein set forth, whereas, these laws when applied to the Wolf maximum 
numbers for the century 1843-1943 do not in a single instance violate these rules, 
but are 100% consistent in their behavior. Moreover, when these laws are applied 
to the numbers for the century prior to 1842 we find but two instances in which 
they do not appear in conflict, to-wit, the years 1778 and 1816. The question is 
thus raised: Are the numbers prior to 1842 sufficiently accurate to be longer main- 
tained? In this connection it should be noted that Wolf did not commence his 
system of recording until 1842, from which time onward he actually counted 
the number of spots he could see every day with his telescope and his numbers 
are found by photographic comparison to be closely proportional to the spotted 
areas on the sun. The numbers prior to 1842 were compiled from recordings of 
various persons and observatories and it may well be that such data do not give 
us an accurate picture of solar activity for the years prior to the one last above 
mentioned. 


The magnetic polarity of sun-spots and the reversal thereof from cycle to 
cycle is thoroughly established and if the cause of this phenomenon be ascertained 
the cause of sun-spots should become known. It is elementary that if a coil of 
insulated wire surrounds a piece of soft iron and a direct current of electricity 
is sent through the coil we have what is called an electromagnet. The space 
around the coil is the magnetic field. When the current is decreased the breadth 
of the field is reduced. If the current is reversed the field is reversed. It is likely 
that something analogous to the electromagnet and its field obtains not only in 
the creation and behavior of sun-spots and in the reversal of polarity, but also 
in the greater and lesser activity from cycle to cycle. A full discussion of this 
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interesting phenomenon would require much more space than has been allotted 
for this paper and consideration thereof must await a more appropriate occasion. 


RALPH C, LINDER. 
584 10th Street, Oakland 7, California. 





Some Notes on a Possible Meteoric Phenomenon 


Here are some notes on a phenomenon, of the reality of which I am almost 
convinced. My records of this phenomenon date back to 1927, and the following 
is a summary taken from observations made in 1929. 


From time to time I have become aware of faint wisps of light that flashed 
into view, and startled me into thinking, for the instant, that I had seen a meteor. 
These wisps were extremely faint and nebulous, as if a piece of auroral streamer 
had swished across the sky. 

At first I took these appearances to be some psychological prank of the senses 
caused by the patient watch for meteors, or that they were faint meteors seen 
at such an extreme angle of vision that their light caused a distorted impression 
on the senses. When I especially watched for these appearances, they seemed 
quite real and to be just like the ones seen when I was not thinking of them 
while meteor observing. 

After observing these phenomena for some months in a somewhat desultory 
manner while making meteor observations, I came to the following conclusions.» 

They appeared to assume many shapes, and their flight extended up to twenty 
» degrees in .2 second, tho some may have travelled as long as .5 second. They 
were from one to ten degrees long, and one-half to three degrees broad, flashing 
into view quite in their entirety as to shape. They appeared from very few to 
twenty an hour, being especially numerous on three nights of slight auroral ac- 
tivity. One out of ten appeared directly in my line of vision. Lastly, they were 
more numerous in the early hours of the night, before midnight. 

Recently, after re-reading my notes, I went out for several hours of observing 
on two very clear nights, and feel quite certain that I saw the same phenomena 
again. Several years ago, two meteor observers, Milton J. Corbett and J. J. Neale, 
fellow members of the New Haven Amateur Astronomical Society, with whom I 
frequently observed, noted the phenomena and corroborated the appearance of these 
wisps or “sleeks” as the latter termed them. I have seen a number of meteors 
which reminded me of these “sleeks” in that they were very broad and nebulous, 
quite unlike the ordinary meteor. Such meteors are an accepted type and belong 
to a small class of unusual meteors. Mr. Neale suggested that a possible ex- 
planation for a percentage of the sleeks was an illusion caused by movements of 
the head and eyes which suddenly bring stars or small groups of stars into view 
out of the blind spot in the eye or which come into view at extreme angles of 
vision. Some experiments showed that this was true. 


If this phenomenon of “sleeks” is a physical reality, its explanation lies pos- 
sibly along auroral lines, and it may be a type of auroral activity. They may 
possibly be electrical discharges between currents or layers in the high upper 
atmosphere, or even electrical discharges closer to the ground between moving 
air masses that cause our weather changes. Another possibility is that they may 
be caused by electrical induction due to the flight of a meteor not necessarily 
within the view of the observer. 

In Humbolt’s “Cosmos” there is an account of observations made by Admiral 
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Wrangle while off the Siberian Coast, in which he noted that, during an auroral 
display, certain portions of the sky not illuminated would sometimes light up 
when a meteor appeared. I have seen experiments on the discharge of electricity 
thru gases under low pressure in which, after the current was turned off, faint 
flashes of light would appear in the apparatus reminding me of the “sleeks.” Cer- 
tainly the electrical conditions of the earth’s upper atmosphere are such as to 
favor the reality of these sleeks. 

Perhaps these notes will bring to the minds of other observers that they 
too have seen these wisps of light. The comments of others interested in the 
phenomena would be greatly appreciated. 

VINCENT ANYZESKI, 

400 Lombard St., New Haven 13, Conn. 





General Notes 


Dr. Eppe Loreta died in Bologna, Italy, on September 5, 1945. He was well 
known for his work on long-enduring meteor trains, novae, variable stars, etc. 
He was one of the most ardent of the European meteor observers, and his death 
is a great loss to meteoritic study. 


Sir Harold Spencer Jones, Astronomer Royal, has been elected a member of 
the Athenaeum under the provisions of Rule II of the Club, which empowers the 
annual election by the committee of a certain number of persons of’ distinguished 
eminence in science, literature or the arts, or for their public services. (Nature, 
February 23, 1946.) 





The Observer,—This is the title of the official publication of the Yakima 
Amateur Astronomers, Number 3 of Volume 7 of which, dated March, 1946, 
has recently been received. It is a four-page printed form and contains some items 
of local interest and others pertaining to more general astronomical facts. 

The Rittenhouse Astronomical Society, of Philadelphia, held a joint meet- 
ing with The Franklin Institute on Wednesday, March 6, 1946, Jan Schilt, Ph.D., 
director, Rutherfurd Observatory, Columbia University, New York, spoke at this 
meeting on “Recent Trends in Astronomy.” 

Forty-one Million Spent for Research 

During 1945 the Westinghouse Electric Corporation utilized $41,645,819 for 
scientific and engineering research. Of this amount the Company spent $2,065,395 
for “pure” research—experiments dedicated to increasing scientitic learning—and 
the remainder was provided by Westinghouse and its customers to bring products 
developed by research to the production stage. 


Astronomical Observatories Receive Gifts 
According to newspaper reports two notable grants have recently been made 
for astronomical research. 


The one is a gift of $50,000 to Case School of Applied Science by Mrs. 
Worcester R. Warner and her daughter, Miss Helen Warner, of Tarrytown, 
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N. Y. This sum is to be used by the Warner and Swasey Observatory in con- 
tinuing its studies relating to the structure of the Galaxy, our stellar system. 
Dr. J. J. Nassau is the director of this observatory. 

The other is an appropriation of $1,300,000 by the State of California for 
enlarging the equipment of the Lick Observatory, a part of the University of 
California. The principal new instrument contemplated is a 120-inch reflector. 
This is to be erected on Mount Hamilton along with the other equipment which 
was begun there 67 years ago. The director, Dr. C. D. Shane, will travel to the 
East in May to take the initial steps toward securing this new instrument. 








A New Scientific Journal 

A new bi-monthly scientific journal under the title Philips Research Re- 
ports covering theoretical and experimental research in physics, chemistry, and 
other fields, edited by the Research Laboratory staff of N. V. Philips Gloeilamp- 
enfabrieken of Eindhoven, Holland, is announced by Dr. O. S. Duffendack, Presi- 
dent of Philips Laboratories, Inc., affiliate of N. V. Philips, at Irvington, N. Y. 
Volume 1, Number 1, of this journal has recently arrived in this country. 

The introduction to Volume 1, Number 1, reads in part as follows: “During 
the period of German occupation scientific research was continued in our labora- 
tories as far as lay in our power, although for obvious reasons some of the re- 
search had to be interrupted temporarily. In order to present in a suitable form 
the results of our research work to research workers in other countries, we have 
decided to publish a new periodical in the English language, entitled Philips Re- 
search Reports. We hope that it will not be long before our laboratories in other 
countries will be able to publish the results of their research in Philips Research 
Reports also, so that the new periodical will present a picture of Philips’ total 
research activities.” 


The Levy Medal of the Franklin Institute Awarded 

The 1946 winner of the Levy Medal of The Franklin Institute is Dr. George 
Clark Southworth, of the Bell Telephone Laboratories of New York City, accord- 
ing to an announcement by Dr. Henry Butler Allen, secretary and director of the 
Institute. Dr. Southworth received the award for his paper, “Microwave Radia- 
tion from the Sun,” which appeared in the April, 1945, issue of the Journal of 
The Franklin Institute. 

The Louis E. Levy Medal is awarded to the author of a paper of especial 
merit, published in the Journal of The Franklin Institute, preference being given 
to one describing the author’s experimental and theoretical researches in a sub- 
ject of fundamental importance. It has been presented annually since 1924, the 
one for last year going to Dr. Rupen Eksergian, chief consulting engineer of the 
E.G. Budd Manufacturing Co. 

In his paper, “Microwave Radiation from the Sun,” Dr. Southworth reported 
the discovery of short-wave radiation, similar to that employed in radar, in the 
light coming from the sun. This discovery leads the way to a new field of re- 
search, in which it is hoped that the finding of a source of radio waves outside 
the earth will provide a new method of attack on the problems of the earth’s 
atmosphere. 
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The Cleveland Astronomical Society 


Dr. S. W. McCuskey of the Warner and Swasey Observatory, Cleveland, 
Ohio, lectured on “The Rotation of the Galaxy” at the February 8 meeting of 
the Cleveland Astronomical Society. 

Dr. McCuskey first discussed the observational data necessary for a study 
of the rotation of our galaxy. This includes all the available information on 
proper motions and radial velocities of stars in our system. From these data the 
solar motion is determined and its effect removed from the observed proper 
motions and radial velocities before using them to determine rotation, Moving 
clusters shown from common proper motions are also disregarded. 

He showed how the rotation of our galaxy explains the assymetric distribution 
of high-speed stars, the galactic distribution of observed proper motions and 
radial velocities, and star streaming. In his conclusions he said the mass of our 
galaxy is about 200 billion times that of our sun. The sun is about 30,000 light 
years from the center of the galaxy and its period of revolution about the center 
is about 250 million years. Our present knowledge indicates that the age of the 
galaxy might be less than 10 billion years. 

Dr. McCuskey’s lectures have always been very interesting and enlightening 
and this one was no exception. 


Henry F. DoNNER. 
Western Reserve University, Cleveland 6, Ohio. 





The Day of the Week Corresponding to a Given Date 


This question is always of popular interest and sometimes of much practical 
significance. Various devices have been worked out to find on which day of the 
week a given date fell or will fall. We have received a relatively simple formula 
from Wolfgang Schocken, 25 Rambanst, Jerusalem-Rehavia, Palestine, which we 
have tested for a few dates at random and found to be correct. Naturally, the 
formula refers to the Gregorian Calendar. The following notation is used. 

W = number of day of week, Sunday being 1, Monday 2, Tuesday 3, etc. 

M = number of the month of the year, January being 1, February 2, etc. 

D= day of month. 

B = number of year in Gregorian Calendar. 

The symbol [—]r indicates that only the remainder of the division is to be 
considered. 

Now if (1) [(M+4-9)/12]}=m; (2) [(7M+10)/12]-=4; 

(3) [B/100]-=Q+R (ie., quotient + remainder) ; (Note: if m 210, this 
becomes [(B— 1)/100],) 

(4) [Q/4]- =x; (5) [R/4]- =p, 

then (6) W=D-+2m-+ 4u+ 3R-+ 5p+ 3 (modulo 7). 

The last statement means that W is the remainder resulting when the given 
sum is divided by 7. 

With minor alterations this formula can be adopted to the Julian, the Soviet, 
and even the Moslem Calendar. 





The Old Astronomer and His Pupil 


The above is the title of the poem from which the often-quoted lines, 


“We have loved the stars too fondly 
To be fearful of the night,” 
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are taken. It is usually stated that the name of the author of the poem is un- 
known. Mr. J. Hugh Pruett of Salem, Oregon, writes that such is not the case. 
He says: 

“About three years ago, Mrs. H. C. Ingram (since deceased), the daughter 
of Professor J. Durham, a California astronomer of late last century, sent me a 
clipping from a publication of the Unity School of Christianity which contained 
the quotation above (with “I” substituted for “we”) and two preceding lines. 
The name “Sarah Williams” was given as the author. Later, through the help 
of Dr. Robert D. Horn, English professor at the University of Oregon, I found 
the four lines in Bartlett’s ‘Familiar Quotations’ as stanza four of ‘The Old 
Astronomer’ by the author mentioned above. 

“Through queries to the Unity editor, I finally obtained a copy of the entire 
poem, together with additional information. Sarah Williams (1841-1868) called 
it The Old Astronomer to His Pupil. It may be found in Best Loved Poems of 
the American People (page 613) selected by Hazel Fellman.” 

The entire poem is found on page 235 of Volume 41 (1933) of PopuLar 
ASTRONOMY. 





A Sidereal Time Watch 


Marking a new step forward in the measurement of correct time the Waltham 
Watch Company has designed and produced a reasonably priced, sidereal time 
watch. The Waltham Sidereal Time Watch features an accurate 22 size specially 
timed 8 day movement with a 24 hour dial and a sweep-second hand—a watch 
that is indispensable for all astronomical observations. 
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FiGureE 2 
Figure 1 The Waltham Sidereal Time Watch in 
The Waltham Sidereal Time Watch use under illumination. 


Because of its uniform rotation, one revolution of the earth on its axis is 
the standard for measuring time. The time taken by the earth in making this 
One rotation is called a sidereal day, which is equivalent to 23 hours, 56 minutes, 
and 4.091 seconds of mean solar time. This is approximately 1/356th shorter than 
our 24 hour mean time day. 
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The difference is caused by the fact that as the earth revolves on its axis 
it travels around the sun once a year in the same direction that it is revolving. 
This makes the sun lose one day in every 366 days as compared with the fixed 
stars, 

A sidereal time watch is almost as important to an observer as a telescope. 
This watch, when used with proper astronomical charts, tells at what instant celes. 
tial bodies are crossing the meridian since the right ascension of the body is the 
same as sidereal time when it is on the meridian. 

Thus, for the first time in the history of watchmaking, a reasonably priced 
watch that measures mathematically accurate sideral time is now available. 





The Cleveland Astronomical Society 


Dr. Charlotte M. Sitterly of the National Bureau of Standards was the 
speaker at the March 8 meeting of the Cleveland Astronomical Society. Her topic 
was “The Solar Spectrum.” 

Mrs. Sitterly has devoted much time to the study of the solar spectrum and 
considers the sun the master key to the universe as it is our nearest star. She 
gave an interesting history of the past work in spectroscopy. 

At the present time the solar spectrum has been studied from wave length 
2914 angstroms in the ultraviolet to 13,300 angstroms in the infrared. In this band 
the speaker said 26,000 lines have been measured and the intensities determined 
but not all identified. The lines of the sun-spot and chromosphere spectra agree 
in position but not in intensity with those of the disc. A comparison was made 
between solar and laboratory spectra as follows: the sun-spot spectrum corre- 
sponds to that of the electric furnace, the disc to that of the electric arc, and the 
chromosphere to that of the electric spark. 

Sixty-six of the known elements of the universe have been identified in the 
sun. The difficulties encountered in trying to locate others were pointed out. A 
study of the abundance of the various elements in the sun shows it to agree fairly 
well with the composition of the earth and meteorites except for hydrogen which 
is far more abundant in the sun. 

On the following afternoon, March 9, Mrs, Sitterly lectured to the Ohio 
Neighborhood Astronomical Group on “The Present State of Spectrum Analysis.” 
This turned out to be a very interesting meeting as a number of members of the 
Optical Society of America, which was meeting in Cleveland, were our guests 
and took part in the discussion following the lecture. 

Henry F, Donner. 

Western Reserve University, Cleveland 6, Ohio, 





Thirteen Science Writers Honored 


In St. Louis, on March 27, citations and medals for distinguished news- 
paper science writing were presented to 13 pioneer newspaper science reporters, 
who have covered and interpreted the greatest scientific news over the past two 
decades. The writers, 11 men and two women, were honored at a luncheon during 
the 112th meeting of the American Association for the advancement of Science. 


The specially-struck medals were provided by the George Westinghouse 
Science Writing Fund of the A.A.A.S. They were awarded to: 

Howard W. Blakeslee, science editor, Associated Press; Watson Davis, di- 
rector, Science Service; David Dietz, science editor, Scripps-Howard newspapets ; 
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Thomas R. Henry, science editor, Washington Star; Waldemar Kaempffert, 
science editor, New York Times; Gobind Behari Lal, science writer, American 
Weekly. Also William L, Laurence, science news reporter, New York Times; 
Herbert B. Nichols, natural science editor, Christian Science Monitor; John J. 
O’Neill, science editor, New York Herald Tribune; Robert D. Potter, science 
editor, American Weckly; Jane Stafford, Frank Thone, and Marjorie Van de- 
Water, science writers, Science Service. 

In addition to the medal, each received from Dr. Anton J. Carlson, Chairman 
of the Executive Committee of the A.A.A.S., a citation bearing this inscription: 
“George Westinghouse Science Writing Awards—For Distinguished Service in 
Science Writing for Newspapers.” 

Ralph Coghlan, editor of the editorial page of the St. Louis Post-Dispatch, 
representing the nation’s press and the American Society of Newspaper Editors, 
Dr. Arthur H. Compton, Chancellor of Washington University of St. Louis, 
representing the nation’s men of science, and Dr. C. F. Kettering, past president 
of the A.A.A.S. and Vice President of General Motors Corporation, also spoke. 

The luncheon at which the science writers were honored was presided over 
by Dr. James B. Conant, President of Harvard University, and the purpose of 
the George Westinghouse Science Writing Awards, which are intended to en- 
courage young science writers to achievements comparable to those of the 13 
honored today, was explained by Dr. F. R. Moulton, permanent secretary of the 
A.A.A.S. 

The first annual awards, for the year 1946, will be made at the winter meet- 
ing of the A.A.A.S. in December, 1946. Details of the judging and presentation 
of awards will be announced later. 
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